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ANNUAL MEETING AMERICAN 
BUREAU OF WELDING 


The present age has been rightfully 
called the age of research. Glancing 
through the annual report of one of 
the largest companies in this country, 
namely the American Telephone & 
Telegraph Company, we learn that 
the present demands of telephone 
communication could only be met 
through the results of the research 
efforts of hundreds of scientists who 
devote all of their time to scientific 
studies, 

Welding has emerged during the 
past ten years from an obscure pro- 
cess which was used with more or less 
success aS a repair tool to one of the 
foremost mechanical processes today. 
This eycle of development has in a 
large measure been brought about 
through the application of research 
methods. 

Although rapid progress has been 
made still the fundamental reasons 
underlying the several processes of 
welding are not as yet understood. 
The problems are so complex that the 
combined wisdom of many workers 
is needed for their solution. The an- 
nual meeting of the American Bureau 
of Welding will be devoted very 
largely to the presentation of some of 
the outstanding problems and methods 
proposed for their solution by several 
experts. A limited number of execu- 
tives of leading companies interested 
in welding have been invited to attend 
this meeting. It is expected that as 
a result of the discussion the Bureau 
will be in a position to undertake a 
comprehensive coordinated program 
of investigation which will materially 
advance the welding art and extend 
its application to new fields. 





DINNER DANCE 


The 1926 Dinner Committee have 
made strenuous efforts to make this 
event an outstanding one in the his- 
a of the American Welding Society 
and one that will be long remembered. 
The Rose Room of the Hotel Astor 
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has been chosen as the place and the 
management has assured us that a 
first-class dinner will be served. A 
variety of very interesting and novel 
features have been provided in the 
way of entertainment, including high- 
class professional talent, a five-piece 
orchestra for dancing and incidental 
singing. In addition, there will be 
“stunts” on the wonders that can be 
accomplished by liquid oxygen. 

There will be very little speaking 
and the combination of an excellent 
dinner, entertainment, agreeable sur- 
roundings and a dance assures every- 
one who attends an enjoyable evening 
which cannot be surpassed even 
though several times the amount of 
admission were paid. 

The members of the Society are 
now called upon to contribute their 
share to the success of the first event 
of this kind in the history of the 
American Welding Society by attend- 
ing and bringing their friends, sweet- 
hearts, daughters and wives. Tickets 
are $6 per person and reservation 
should be made at once by writing to 
the secretary of the Society. Checks 
may accompany these reservations. 





INTERCHANGE OF INFORMA- 
TION 


The national Meetings and Papers 
Committee is pleased to report that 
this year it has been able to arrange 
with prominent welding experts of 
the East to present timely papers on 
various phases of welding before the 
Sections on the Western Coast. Among 
these speakers are included A. G. Bis- 
sell, Westinghouse Electric & Manu- 
facturing Co.; S. W. Miller, Union 
Carbide and Carbon Research Labora- 
tories; D. H. Deyoe, General Electric 
Company, and J. F. Lincoln, of the 
Lincoln Electric Co. Every effort will 
be made to continue such arrangements 
in order that continuous interchange 
of information may be provided. 
Prominent speakers from the Western 
Coast will be induced whenever pos- 
sible to present papers before our 
Sections in the East. 
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DISCUSSION OF PAPERS 


In this Journal there are printed a 
number of the papers. which will be 
presented at the annual meeting of 
the American Welding Society. Each 
author will be allowed a few minutes 
to present the high spots of these 
ey after which the meeting will 

thrown open for discussion. 

If you have any experience or in- 
formation in any field of welding 
bearing on the subject of proper de- 
sign of welded joints, you are ear- 
nestly requested to attend this meet- 
ing and to participate in the discus- 
sion. If there are any points not fully 
covered in these papers concerning 
which you desire additional facts, 
questions may be asked at the meet- 
ings and the authors will endeavor to 
make these points clear. 


COMMUNICATION FROM  BUF- 
FALO CHAMBER OF COMMERCE 


To the Members of the American 

Welding Society: 

We want to go on record with the 
statement that we not only feel high- 
ly honored, but that words are unable 
to describe how pleased we are that 
the American Welding Society has se- 
lected Buffalo as their meeting place 
for this year. When I say we are 
pleased I mean every word of it, be- 
cause we are going to jump right’ into 
the harness with your local commit- 
tee to help make the Buffalo meet- 
ing the most successful in the history 
of your organization. 

We feel confident in saying that 
the attendance at this meeting from 
November 16th to the 19th, at which 
time you will have the International 
Welding and Cutting Exposition, will 
surpass anything that you have ever 
had and will be a goal to shoot for 
in the future. 

The Broadway Auditorium, with 
47,000 square feet of unobstructed 
floor space, will house your exposi- 
tion, and if the enthusiasm and plans, 
= the hard work your committee 

started out with is any criterion to 
go by, you have our assurance that 
you will make no mistake in drawing 
a circle around the 16th to the 19th 
of November next and inserting the 
words “I am in Buffalo.” 

In our humble estimation no bet- 
ter selection could have been made 
than Buffalo, which city can be 
reached by over 65 per cent of the 
population of the United States and 
80 per cent of the population of Can- 
ada in no more than a one night’s 


train run. There has never been a 
more opportune time to preach the 
gospel of the welding industry and 
what it stands for than at this year’s 
meeting and it can only be done 
through 100 per cent attendance on 
the part of yourself and the other 
members of the American Welding 
Society. 

Can we depend upon your being 
here? 


W. T. BUCKLEY, 
Convention Manager. 


BOUND VOLUMES OF JOURNAL 


The standing orders for bound vo!- 
umes of the Journal having been 
filled, the Society now offers the few 
remaining copies of the bound volume 
for the years 1922-23-24-25 for gen- 
eral sale to the members at $5 per 


copy and to non-members at $10 per 


copy. 

Each volume contains subject and 
authors index in order that informa- 
tion on specific subjects may be read- 
ily aecessible for reference. Undoubt 
edly the best welding information now 
in existence is included in these issues. 
The results of many thousands of do! 
lars of research investigations are in- 
corporated in many of the reports of 
the American Bureau of Welding and 
of private corporations. The bibliog- 
raphy of current welding literature 
given in each issue is a complete bib 
liography of all the important welding 
articles appearing in other journa!s 
here and abroad. 


INSPECTION TRIP 


Everyone connected with the we! 
ing industry has often wondered how 
Thermit is made and what steps ar 
necessary in the process of manufa 
ture. me have been fortuna! 


enough to see how Thermit welds are 


made, while others have not had an 
opportunity to see a mixture of Ther 
mit turned into highly superheat: | 
molten steel in a fraction of a minu 
All of these wonders will be seen d 
ing the inspection trip of the Am: 
ican Welding Society on Friday aft 
noon, April 23. 

Buses have been provided throu 
the courtesy of the Metal & Ther: 
Corporation which will pick up | 
members of the Society at the H: 
son Tubes Station, Journal Squa 
Jersey City, and transport them 
the plant of the company. The bu 
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will start promptly at 2 o’clock from 
the station im order that sufficient 
time may be allowed to make a thor- 
ough examination of the plant. Those 
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arriving late will be obliged to pro- 
vide their own transportation. Reser- 
vations should be made in advance by 
writing to the secretary of the So- 





SECTION ACTIVITIES 


Western New York 


Prof. A. S. Kinsey presented an ad- 
dress at the Feb. 26 meeting on “En- 
gineering Value of the Joining of 
Metals.” The next meeti of the 
Section will be held on Friday even- 
ing, March 26, at the Hotel Statler. 
S. W. Miller will present a paper on 
“Oxy-Acetylene Welding of Copper.” 


Pittsburgh 


The February meeting was held on 
the 12th, at which S. W. Miller, con- 
sulting engineer, Union Carbide and 
Carbon Research Laboratories, pre- 
sented a paper on “Oxy-Acetylene 
Welding of Copper.” 


Chicago 


The March meeting was held on the 
5th. A motion picture entitled “From 
Mine to Consumer” and an address on 


the subject of bronze welding were 
presented by the American Brass Co. 


Boston 


The March meeting was held on 
March 19th at Franklin Union, Bos- 
ton, with an attendance of about 100. 
A very interesting and instructive lec- 
ture by A. G. Bissell of the Westing- 
house Electric & Manufacturing Co. 
on “Welded Structures,” illustrated 
by lantern slides, was given. Informal 
discussion followed on different weld- 
ing operations. 

San Francisco 


A meeting of the Section was held 
on March 19th, at which time D. H. 
Deyoe, engineer of the Industria) and 
Engineering Department of the Gen- 
eral Electric Co., Schenectady, pre- 
sented a review of automatic welding 
and welding in a gaseous atmosphere. 








EMPLOYMENT SERVICE BULLETIN 


POSITIONS VACANT 


V-31. Salesmen and Estimator wanted. Required by one of the largest 
and best established job welding concerns in New York. Preferably a man 
who has experience or one who has a fair knowledge of welding, both gas and 
are, and who is accustomed to doing busifiess with large service stations and 
fleet owners. 

An interesting proposition will be made to the right man, which assures a 
good income on a salary and commission basis, to a live wire who can produce. 
All details will be treated in confidence. 

V-32. Experienced welder or welding engineer wanted who has had broad 
experience in tank welding including bath boiler construction. In our Seam- 
‘ess Division we have decided to develop welding of certain types and styles 
of containers, and we want experienced man to follow work through various 
‘tages including testing. 

V-33. Welder wanted with experience in electric are and oxy-acetylene 


velding. 
Services Available 


A-41, Electric welder desires position. Have had 8 years’ experience, in- 
luding repair, machine and boiler work on the Erie R. R. and high pressure 
essel and tank work of Standard Oil Co. 

_A-42, Eleetrie welder desires position. Have had 10 years’ experience, in- 
uding six with the Tide Water Oil Co., three years with Standard Oil and 
ne and one-half years with M. W. Kellogg Co. 

A-43. Oxy-acetylene welder desires position. 
ence and can weld any kind of work, including aluminum. 

A-44, Acetylene welder desires position. ave had seven years’ railroad 
op welding experience and four years’ industrial welding. Desire position as 

reman or Supervisor. Have credetitials as welder, also as instructor. 


A-45. Oxy-acetylene welder desires position. Have had experience and can 
rnish reference. 


Have had five years’ expe- 





Welding in the Design of Industrial 
and Power Piping* 


L. J. SFORZINI} 


Fusion welding and cutting of steel and wrought iron in the 
field of power and industrial piping, has recently acquired great 
momentum. The importance of welding in the piping field, and 
the sole reason for its use at all, is due to the fact that in certain 
specific instances, its employment yields the greatest return per 
dollar invested in the piping system and in the equipment of which 
the piping is a part. 

The greatest return does not necessarily signify that the first 
cost must be least; but it means that over a period of years, every 
possible factor being considered, the return is greatest. The factors 
to be considered are: life of the equipment and piping system; 
safety ; ease of operation, and saving in operation; space occupied, 
and continuity of operation, as well as cost for the complete system. 

Perhaps it is not generally known to the members of the Society, 
as it is to the industrial plant and power engineer, that perfection 
in welding methods is one of the most important factors in the 
placing of the production of heat, refrigeration, and industrial 
power on the “mass production basis” so characteristic of Amer- 
ican methods. Most of us are familiar with the layout of the av- 
erage large industrial plant. The plant is generally laid out in 
groups of buildings, so situated as to make handling of the ma. 
terials that go into the finished product to be manufactured a min- 
imum. Only a few years since, if heat processes were involved, 
each of these groups was served by a separate steam plant located 
at its center. At the present time, however, it is customary to pro- 
vide only one steam and power plant to serve the entire industrial 
plant, regardless of area covered, and production of heat and 
power are concentrated, eliminating duplication of effort and su- 
pervision, lessening the duplication of equipment, and making 
possible the employment of larger and more efficient units. These 
results lead to lower costs in the heat and power departments, 
which, of course, are reflected in the lowered cost of the finished 
product. 

In certain industries the production of heat and power is con- 
sidered by the management to be a necessary evil that goes with 
the manufacture of their own particular product. Were it possible 
to turn over the production of heat and power to specialists, th: 
local utilities, at a reasonable figure, the managements would 
gladly do so. Electricity, of course, can be transmitted over prac- 
tically any distance, but until quite recently the transmission of 
- heat in its usual form of steam was considered impracticable ove: 


*To be presented at annual meeting, A. W. S., April, 1926. 
+Engineering and maintenance department, Kodak Park, Rochester, N. Y. 
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any but limited distances. This made it necessary for all industrial 
plants to have a steam plant for heat processes and heating. Steam: 
and electricity go hand in hand; where steam is produced it usually 
pays to also generate electricity to some extent. 


Power, June 14, 1921, and Power Plant Engineering, Feb. 1, 
1921, both show how two important Dayton, Ohio, industries, lo- 
cated some distance apart and both owned by the same manage- 
ment, turned over the production of their steam to the local utility, 
even though it meant the construction of a total of 3575 ft. of 
steam main underground through the public streets of Dayton. 
There are 1145 ft. of 14-in., 1321 ft. of 12-in. and 1109 ft. of 10-in. 
pipe. On this entire length not one single flanged joint was used. 
The electric arc process was used for the 274 welds, which were 
made of the V butt weld type. The pipe used was extra heavy and 
sleeve type expansion joints were used, and 175 lb. pressure is 
carried. The use of welding made this project commercially prac- 
tical. 

At the: time the above installation was made, a high pressure 
steam main of this size was considered quite an engineering feat. 
Today mains. 2000 ft. long are common. The writer participated 
in the design of a 4800 ft. 12-in. main with 225 lb. working pres- 
sure, where all the steam is normally transmitted from one end 
of the main to the other. 


Having thus stated the reasons for the existence and importance 
of welding in the industrial and power field; we can now proceed 
to show where, how and why welding can be used to advantage. 
The author is not of the opinion that everything, or a major portion 
of everything, in a piping system should be welded to the exclusion 
of all other methods; but he is of the opinion that every piping 
system should be studied by itself to determine if welding can be 
used to advantage. Power and industrial piping can broadly be 
classified thus: 


PIPE CLASSIFICATION 
1. High Pressure Steam Piping 
Il. Low Pressure Steam Piping 


lll. Refrigerating Fluid Piping 


(a) High pressure ammonia piping 
(b) Low pressure ammonia piping 
(c) Brine piping 


IV. Air Piping 


(a) Piping under compressor pressure 
(b) Piping under blower pressure 


V. Water Piping 
(a) Hot water 
(b) Cold water 


VI. General Fluid Piping 


Each of these will be studied in detail under a separate heading, 
t before proceeding with this study, let us investigate the ordi- 
nary non-welded joints and point out both their advantages and 
sadvantages, so that we may properly understand what is re- 
\uired of welded joints. There are four principal types of joints, 


t 
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other than the welded joint, used in pipe work. These are depicted di 
in Fig. | and are (a) the threaded joint; (b) the Vanstone joint; es is 
(c) the integral joint obtained by forging or casting, depending on ~ al 
whether the pipe is wrought steel, cast steel or cast iron; (d) the Los a 
riveted joint. In addition to these there are the various types of = th 
shrink joints and other forms of riveted joints. 3 la 

The screw thread joint is still the most extensively used pipe * ni 


joint and will probably always continue to be the most common : 
joint. The illustration shows the flange joint, but this is only one . di 
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Fig. 1 


form of the screw joint. For the small pipe sizes and ordina 
work the flange is rarely used for sizes below 214 in. ; instead, in |i 
joints a screwed coupling is used, for fitting joints the pipe scre\ 
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directly into the fitting or valve, and the final joint in a closed path 
is made with a pipe union. The screw joint is comparatively easy 
and cheap to make in the smaller pipe sizes with simple hand tools, 
and for low pressure fluids is very satisfactory in these sizes. As 
the pipe sizes increase hand tools become more expensive, more 
labor is required for making up the joint, until for certain sizes 
nothing but power machinery will suffice to make up the joint. 
The bulk of all pipe work is done on the smaller pipe sizes; so it 
does not, as a rule, pay to invest in a power machine unless the quan- 
tity of big work to be done is large. The heavy power machines are 
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Fig. 2. 12 in. welded steam line supporting 5 m. water line across large span 


expensive, so that only large jobbing shops can afford the equip- 
ment to make the very large threaded joints. The average pipe shop 
only equipped to thread up to 8 in.; the large shops up to 12 in., 
and only the very large shops are equipped to handle up to 18 in. 
r 24 in. diameter, the last of which is the largest commercial 
thread size. In our own industrial city of 325,000 the largest pipe 
machiné can handle nothing larger than 18 in. pipe, and this was 
only installed 3 years ago. 
The vanstone joint is purely a manufactured joint and cannot 
‘made by the ordinary pipe user, but must be purchased from the 
ping fabricator equipped with special machinery adapted to this 
‘ss of work, This involves purchasing the pipe to definite dimen- 
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sions for field erection. The closing piece in a pipe run with this 
type of joint presents complications: The piping can, of course, be 
laid out and carefully figured and the closing piece ordered to the 
proper length with the rest of the piping; but in practice this does 
not always work out so well, because sometimes things happen to 
upset the most accurate of calculations. A valve as purchased 
might be of a different make than planned on, slight discrepancies 
might be cumulative, and a host of other things may happen. An- 
other method is to take the dimensions when everything is in place 
insert the final piece, and then specify the length, but this involves 
delay. 

The forge welded joint can also only be obtained in a specially 
equipped shop. For making welded pipe joints the only equipment 
necessary to make most joints is the portable welding equipment. 
The riveted joint is only used for a limited class of work. The 
relative cost of flanged joints as given by a manufacturer of all 
types of joints, using the C. I. screw flange as a base, are extra 
heavy C. I. screw flange 100 per cent; extra heavy forged stee! 
screw flange 380 per cent; extra heavy cast iron vanstone flange 
200 per cent; extra heavy forged steel Van Stone flange 380 per 
cent; extra heavy steel hammer welded flange 400 per cent. Thes« 
are the usual flanges used in high pressure work and include the 
cost of making the joint and refacing the flange on one end of 2 
pipe. Erection labor, bolts and gasket are extra. The cost of the 
welded joint depends entirely upon the type used. 


HIGH PRESSURE STEAM PIPING 


This class of piping includes all steam piping, whether saturated 
or superheated, where the internal pressure is over 50 Ib. per sq. 
in. gage. In pressures up to about 100 lb. per sq. in. and saturated 
steam, the thread joint, whether made with screw fittings with 
thread compound, or flange with thread compound and gaskets, is 
very satisfactory if properly made up, and if proper provision i 
made for support and expansion. Above 100 lb. per sq. in. pressure, 
with or without superheat, the threaded joint in the larger pip 
sizes begins to give trouble. But the Van Stone joint, proper 
made up and with proper gaskets, with proper provision for sup 
port and.expansion strains, gives satisfactory service up to pre: 
sures of about 300 Ib. per sq. in. 

Steam piping, especially high pressure steam piping, differs fro 
other piping in that it contains a gas at a high temperature. Wh 
the pipe line is installed the line is cold; when the pipe line is plac 
in service it becomes hot. This change in temperature causes ©) 
pansion, which in turn produces stresses in the pipe line, unless t! 
expansion is provided for. This provision must be made wheth« 
the line is installed with screw flange, Van Stone flange or weld: 
joints, The amount of pipe expansion in inches per hundred fe 
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for various temperature changes in steel pipe is given in the fol- 
lowing table: 
Temperature, Change, Expansion in 
Deg. Fahr. Inches 

0 0.00 

50 0.38 

100 0.76 

150 ee 1.15 

200 1.57 

250 NN 82 1.99 

300 2.47 

350 2.94 

400 aa 3.46 


450 4.08 
500 4.67 


550 5.30 
600 5.98 
650 6.71 
700 7.50 
750 8.36 


If a pipe was caused to increase an amount “e” in inches due to 
a temperature change, the expansion being in a straight line, and 
no provision made to care for it, the stress produced in pounds 
per square inch would be given by 
Me 

S = — where S is the stress, L the length in inches and M the 
L 

modulus of elasticity in pounds per square inch. 

If a pipe were 400 ft. long and changed 450 deg. Fahr. in tem- 
perature, the amount.of expansion would be 4.08 x 4 16.32 in. 
Assume M = 30,000,000 Ib. per sq. in.; then 

30,000,000 x 16.82 
S= = 102,000 lb. per sq. in. 
400 x 12 

In practice the stress would never reach this value because the 
pipe would weave slightly, but nevertheless the magnitude of stress 
would be dangerous and high enough to burst the pipe unless taken 
care of. Provision for expansion can be made by using sleeve ex- 
pansion joints, one of the various expansion bends, or by placing 
turns in the piping system. A sleeve expansion joint gives no tem- 
perature stress if no binding action in the sleeve part takes place. 
However, most engineers are reluctant to use sleeve expansion 
joints, because they invariably leak if circumstances are the least 
unfavorable to them, although there are some very improved pipes 
now on the market. Bends or turns in the pipe produce stresses. 
These stresses should be kept within the safe working stress of 
pipe material. The formulas now used for this purpose are those 

' Sabin and Crocker, arrived at from theoretical considerations 


and cheeked by actual experiment. See Transactions of A. S. M. E. 
1922. 





If an ordinary pipe line with C. I. serewed flanges used for satu- 
ated steam service has its temperature raised by adding super-heat 
the steam, the gaskets invariably leak. The author observed one 
-In. Steam line of this nature where the temperature was raised 
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approximately 90 deg. Fahr. by adding super-heat while the pres- 
sure was kept constant at about 135 lb. per sq. in. The line had 
been in service practically continuously for ten years without 
trouble of any kind, but within a month’s time after the change was 
made, about one-half of the 30 joints in the line showed leaks. 
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BUTT WELO REINFORCED WITH SLEEVE. 


Fig. 3 


Renewing the gaskets for a time remedied the trouble, but the new 
gaskets eventually also became leaky. 

When a pipe line is continuous over a number of supports with ; 
flanged joint midway between two supports, a strain is set up a 
the joint due to unequal stress at bottom and top of the flange. Fo: 
cast iron flanges this strain might break the flanges if the span i 
sufficiently great; for cast iron or steel flanges made up with screw 
threads or Van Stoned and with bolts and gaskets it might mean : 
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leak for large spans. That the behavior of welded joints, under the 
most adverse conditions of this kind, might be judged, Fig. I] was 
drawn. It was necessary to span between the two buildings at a 
point about 25 ft. above the street level. Note that the buildings are 
offset from each other, causing the pipe to cross at approximately 
a 45 deg. angle, the clear span between supports was approximately 
46 ft. 6 in., and the pipe curved after leaving each support. The 
pipe used was full weight standard 12-in. pipe and was installed 
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Fig. 4. Actual movement in a 12 in. expansion U-bend under steam temperature 


for steam service at about 175 lb. pressure and superheat. Also 
note the position of the welds, which are of the combination butt 
welds, sleeve type made oxy-acetylene, two below on the ground and 
the other two with the pipe in place. After the line was in place, 
it was used as a support for a 5-in. line filled with water, as shown 
in the cross section. The 5-in. line was supported as shown with 
steel supports welded to the 12-in. line. There is a combination de- 
flection in the 12-in. pipe due to its own weight plus that due to the 
water line and that due to expansion. Any type of flanged pipe 
would have required an expensive bridge. 

From what has been said, it is at once apparent that unless ex- 
‘reme care is used in the piping design and installation, gaskets 
are a source of trouble which might or might not be serious. Gasket 
elimination opens up an important field for welding. 

Steam piping when charged radiates heat to the atmosphere 

hen bare. Pipe covering eliminates the greater portion of this 
heat loss. As an investment, pipe covering gives good return. As a 

ile the covering of flanges, particularly on high pressure steam 
nes, also gives a good return on the investment, but not as big a 
eturn as on plain pipe because the labor expense is greater. Cov- 
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ered flanges still lose a certain percentage of their heat. Theoret- 
ically, an infinite thickness of insulation is required for 100 per 
cent efficiency, but, practically, the flange insulation is made the 
same as that of the pipe to which it is attached. In Power, Nov. 20, 
1923, page 798, or National Tube Bulletin No. 10, the present writer 
works out the saving in one actual welded line as 35 tons of coal per 
year, over a line with the same number of flanges.as welds. So 
gasket elimination, which goes hand in hand with flange elimina- 
tion, also results in a saving of heat loss. 


Fig. 3 shows two of the common joints used for welding line 
joints. The V type plain butt weld is the simplest and least expen- 
sive to make, and when properly made is eminently satisfactory. 
In making this joint the pipes are. first scarfed either by machine 
or with the welding torch at an angle of between 30 deg. and 45 
deg. with the horizontal. The ends are then brought together 
within 1/16 of each other, the pipe is aligned, two or more tacks 
are made to hold the pipe in place and the weld made, gradually 
working around the periphery of the pipe. This joint can be made 
oxy-acetylene or electric. For the prover technic for the oxy-acety- 
lene joint see the Journal, Vol. 4, No. 10, pages 19 and 20. In 
practice this joint has given very excellent service for low pressure 
steam work, medium pressure steam work, and in a great many in- 
stances, for high pressure steam work. But a few instances are on 
record where trouble has been experienced with this joint. The 
report of Prime Movers Committee, National Electric Light Asso- 
ciation for 1921, gives an experience of this nature. An 18-in. 
steam header with welded joint was placed in service for six 
months, the steam line was then shut down for repair to the tur- 
bine lasting two months. An attempt was then made to place the 
line in service, when a small by-pass valve was opened to warm 
up the line a leak was discovered in the line, and examination re- 
vealed the fact that one joint had opened up all around the pipe. 
Further examination revealed that no bond existed between the 
weld metal and the joint. Hydraulic and impast tests on all the 
rest of the welded piping proved this to be the only joint affected. 


The butt weld reinforced with a sleeve or band overcomes the 
objections that some engineers have to the plain butt weld joint. 
This joint gives a double seal against bursting pressures, a double 
seal against leakage, and a double insurance against tensile and 
compressive stresses parallel to the pipe axis. This joint can 


be made with either the oxy-acetylene or electric processes. The 


sleeve slipped over the butt weld is placed on the pipe before th: 
pipe is brought together and has 1/16 in. to 5/32 in. clearance ove: 
the pipe. Ordinary screw thread pipe couplings are satisfactory fo! 
this work; all that is necessary is to machine the thread off in « 
lathe. In welding the sleeves best results are obtained by the use 
of two welders each on opposite ends of the sleeve; this avoid: 
expansion strains in the weld. The writer has taken some observa 
tions in the field of time required to make up this joint by pip 
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welding specialists in the employ of one of the large piping fab- 
ricators and erectors using the oxy-acetylene process. The time 
includes all time from the time the pipe is aligned to the time when 
the sleeve is completely welded on, and is computed on a one man 


basis. The pipe is all standard full weight. The results are given 
in the following table: 


8 pegs a ee heap dine i: Dea 214, hours 
ge Ba TE ai INES a bn Be 214 hours 
MR chi ee ies. tee dines 234, hours 
Bs, ER me caienacnis wi « RARER « « 3 hours 
oS gp pene poe Thee a 314 hours 
IGG. Pipe... ).wv cee es. ereess.- OY hotrs 


For general welders not specialized in this work 50 per cent to 
100 per cent more time is required. 


The expanded sleeve joint with the holes is also an excellent 
joint, without what some engineers consider the limitations of the 
plain butt joint. This joint, which requires special equipment for 
expanding the pipe, is only made in the shop, as far as the writer 
is aware, by one pipe fabricating concern using the oxy-acetylene 
process. The holes which are cut with the torch are an important 
part of the weld, for it is necessary that the end of the inserted 
pipe be held rigid to prevent lever and moment action which might 
break the weld. A 12-in. line with 217 such welds was subjected to 
conditions somewhat similar to the “Prime Movers” reference 
quoted, without experiencing any trouble. This line was put into 
operation on high pressure steam service, carrying steam from 
215 lb. at one end to 150 lb. at the other end, and kept in operation 
with moderate superheat continuously for 18 months. At the end 
of this time it was shut down for a period of three days and 
permitted to become cold, after which it was placed in service 
again without any trouble developing. 

That the Society can appreciate that the expansion in a steam 
line is actual as well as theoretical Fig. 4 is drawn. This is 
based on actual measurement taken by the writer on this line 
when warm, when cold and when warmed again. During installa- 
tion the bend was put in under tension pulling the bend apart an 
amount equal to half the pipe movement. It might be well to note 
here that every point of the expansion U bends in the line assumed 
the original warm position after being rewarmed. There was no 
additional growth. The bend was installed in a horizontal plane. 
Note, particularly, that there is a sleeve joint made in field at the 
end of the U which is near the point of maximum stress. 

The 217 welds mentioned some of which are field and some shop, 
are for only a part of the complete steam line. 

The whole line contains 4815 ft. of 12-in. pipe, and in addtion to 
‘he welds mentioned there are 23 butt welds reinforced with sleeves 
and 9 welded necks. Most of the welds were made by welders in 
the employ of the large fabricators and erectors, but a few were 
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made by the general welders connected with the shop maintenance 
and construction force. 

Fig. 5 was first published in Power, Nov. 20, 1923, by the writer, 
but is so good an example of the economical design possible with 
welding even in a short length of pipe, that he feels he will be 
pardoned for repetition. Fig. 5a shows how the installation would 
have been made according to the old methods with extra heavy cast 
fittings and Van Stone pipe. This was for an alteration job with 
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Fig. 5A. Alternate header made up with extra heavy fittings and pipe 


Fig. 5B. Header with welded van stone outlet as installed 


the face to face dimension, and the location of the 12-in. outlet 
from these faces fixed by existing construction. The drilling on the 
two end flanges was special, going against flanges no longer stan- 
dard. The rest of the dimensions were variable within reasonable 
limits, except that the outlet sizes were fixed at 7 in. This 
header was intended for service at 225 lb. pressure. Note particu- 
larly the number of joints, bolts and gaskets required with this 
layout. Fig. 5b gives the alternate layout as actually installed. 
Time was a vital element on this job, as the installation could only 
be made at the expense of a plant shutdown, and the only shutdown 
period available was to occur very soon. The entire job was fabri- 
cated and shipped by a general pipe fabricating concern in about a 
week after receipt of order. The entire cost of purchased materia! 
and installation labor was but a very small fractional part of 
that estimated for the alternative layout. The particular welded 
header is the most perfect specimen of workmanship in pipe work 
that it has ever been the writer’s privilege to view. The flange 
faces were all parallel or at right angles to one another and to the 
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pipe axis, the dimensions were all correct within very close limits, 
the neck welds were perfect and to the proper contour; no fins 
protruded into the pipe. That this piece could have been made so 
accurately and at such a low price, certainly indicates that the pipe 
fabricators thoroughly understand the possibilities of welding, and 
are completely equipped for economical production. 

The welds previously described were for the elimination of pipe 
fianges in line joints; in the example described above welding was 
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SECTION 2-2 





B: Neck reinforced by hand 
Pig. 6 


used to eliminate fitting flanges. As in line welds the most elemental 
weld is the plain right angle butt joint (see Fig. 6a). This weld is 
made by using a piece of pipe with either a screw, Van Stone, in- 
tegral or other flange on one end, with the other end plain and 
welding the plain end to the header at a point where a hole had 
previously been cut with the cutting torch. Either the oxy-acety- 
‘ene or electric weld may be used. The usual method is to weld 
on the outside after scarfing the outlet pipe; but sometimes the 
weld is made both outside and also on the inside as a reinforcement. 
Where the outlet is small in size relative to the header, square 
‘nds are satisfactory. Where the outlets are large and closely 
approach the header in sizé, it is necessary to burn the outlet to 
a shape corresponding to the header contour. This can be done by 
‘ne methods of simple descriptive geometry. In cutting the hole in 
‘he header, the outlet piece is used as a templet, the whole chalked 
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or scribed off and the cutting torch used to burn the hole, making 
proper allowance for fit. In using outlets or necks of this nature, 
the smaller the diameter of outlet the stronger is the resulting job. 
The writer prefers to use an outlet at least one pipe size smaller 
than the header for high pressure work. 

Just as methods have been developed for reinforcing line welds, 
so have methods been developed for strengthening outlets or necks. 
One of the oldest and most satisfactory is the “interlock” weld, 
see Power, Nov. 20, 1923, or National Tube Bulletin No. 10 
Another method is depicted in Fig. 6b. Here the outlet pipe is cut 
from a long piece of pipe with an integral band. This outlet is 
placed on the header, and the band bent around the header to con- 
form to its shape, and is either forged to the pipe or welded or 
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both, the outlet being welded in the usual manner. The reinforcing 
ribs are sometimes welded to the outlets, and may either be used 
in’ conjunction with the band shown or alone. 

It may seem to some that these elaborate details on both the 
necks and line welds are both costly and unnecessary. How can we 
consistently advocate the welding of non-fired pressure vessels, 
which involves a joint with a plain V-butt weld, and yet turn 
around and say that this joint is not safe enough for simple tubular 
pipes? The reason for the additional requirement is because in 
addition to the stresses set up by the bursting pressure, there aré 
certain, sometimes more important, stresses set up by expansive 
‘strains. Pressure vessels, even if heated, are comparatively short 
Pipes are usually long and the amount of expansion is directly pro- 
portional to length. Until the classical research work of Sabin and 
_ Crocker, the importance of which is just beginning to be appre- 
ciated by the piping engineers, each designer had his own theory as 
to the magnitude of the stress produced by expansion bends and 
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turns. And oftentimes, in fact more often, no attention was paid 
to this stress at all, a bend was merely chosen for its supposed 
expansion value. The writer knows that there are certain large 
and important pipe fabricators that advocate the plain butt V-weld 
alone for high pressure steam work, and he personally would take 
the work of certain of these and safely figure, after proper tests 
on the completed line, that it would be safe to operate these lines 
under pressure to a certain definite maximum. Steam under high 
pressure is a dangerous substance; high pressure steam lines 
are the main arteries feeding the power or industrial plant with the 
life fluid. Sever one of these arteries, a city may be plunged into 
darkness; protection against fire may be destroyed; the wheels of 
transportation may stop; mdustrial activity may cease, ruining 
substances under way in processes, and lastly, a human life may be 
blotted out. 

Yet the power plant or manufacturing executive will justly de- 
inand of their engineers 100 per cent reliability and safety. 99.9 
ner cent will not do; they must be 100 per cent assured. The engi- 
neer is thus forced to be conservative, and in steam piping he 
sometimes specifies the reinforced joints. 

This conservatism is carried even further in some of the newer 
power plants with the high temperatures and pressures, i.e., above 
300 Ib. per sq. in. and with superheat sometimes bringing the tem- 
perature up to 700 deg. Fahr. or more. In this class of work (see 
Fig. 7) all the stresses are carried by bolts of large size made of 
high grade steel of high tensile strength, on either cast steel flanges, 
cast integral with the valve or fitting or special heavy forged or cast 
steel Van Stone flanges. The flanges are ground to an absolutely 
plane surface of the faces coming together, and are bolted together 
without any gasket. The weld shown is used simply as a seal 
against leakage. Since the high pressure steam piping cost of a 
large modern central station is but a very small part of the total 
investment, and since continuity of operation is dependent on ab- 
olute steam piping integrity, this expensive construction is here 
justified, just as the cost of standby units are justified. 


LOW PRESSURE STEAM PIPING 


This includes all steam piping whose internal steam pressure is 
under 50 Ib. per sq. in., and also includes piping for steam vacuum 
service. This class of piping presents one of the most fertile fields 
‘or welding both in pipe and fittings made from pipe. For this 

lass and all ordinary work none of the elaborate details used for 
high pressure steam service are required. First, because of less 
azard ; second, because the fluid pressure is less, and third, because 
the expansion in length is less. due to the lower steam temperature. 
if no superheat is present, 50 lb. pressure will give oniy 297.5 deg. 
ahr. or a difference of 297.5-70.0—227.5 deg. Fahr. of hot pipe 
ver cold pipe for the highest pressure in this class. Although the 

‘pansion is small in amount, it must, nevertheless, by no means 
ve overlooked, but proper provision must be made to care for it. 
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In high pressure steam work bends are the most commonly em- 
ployed for expansion allowance; in low pressure steam work, this 
is done by using expansion joints with the proper amount of travel, 
or by laying out the piping system to deviate from a straight path. 

In low pressure-steam piping, if the piping is fairly large in 
size, i.e. 10 in. in diameter or over, welding becomes a paying prop- 
osition, until in the larger sizes of about 18 in. or over welded pipe 
erected and ready for operation is so much cheaper as to make it 
the only method worth considering. At one time, only a few years 
back, the designer for real large work, i.e. over 18-in. diameter, 
was limited practically to C. I. pipe with integral flanges and C. I. 
fittings. The C. I. pipe usually comes in standard lengths of 
12 ft., with shorter or spool pieces made to order. A 12-ft. 
length of 26-in. pipe in the lightest commercial size weighs 4,750 lb. 
When this pipe was used, very heavy supports and hangers were 
required for practically every length to prevent breakage and leaky 
gaskets. Breakage was also common in shipment and field han- 
dling, usually causing erection delay. At the time this paper is 
being prepared, we are engaged in changing a piping system con- 
taining this old style of C. I. pipe and in sizes 36-in. diameter and 
down to 30-in. with a few pieces of 14-in. steel pipe. In the old 
system there are 21 different pieces of pipe and fittings from one 
fixed point to two other points, making up about 60 ft. of pipe, 
but there is not one standard length of cast iron pipe; all are 
special and shorter. Only five fittings might be classified as stan- 
dard. In the newer system, using welded plate or pipe, there are 
only 9 separate pieces from the same fixed point as above, and two 
other points further apart, giving 110 ft. of pipe. In the newer 
pipe system, although the pipe sizes are the same in places, and 
approximately the same in others, only one piece of the old materia! 
was used; scrapping the rest was justified in saving and handling 
costs, quickness of installation, saving in gaskets and erection labor 
for the additional joints, and last and most important, because of 
saving in hangers and supports. 


Low pressure pipe and fittings made from pipe can now be pur- 
chased from fabricators specializing in this work, and of any thick 
ness of material, depending on size and use, although 4 in. is th: 
most common thickness. The pipe in the larger sizes is made either 
from plates with both longitudinal butt welds and circumferentia' 
welds or else with lap hammer welded pipe with only circumferen 
tial welds. The lengths are usually as long as convenient for ship 
ping. Fittings in the larger size can be procured either for stan 
dard A. S. M. E. dimensions or any practical dimensions. Specia 
fittings to any dimensions, or pipe with outlets can be purchase 
and present no difficulties or cause for delay. Delivery on this clas 
of work is surprisingly quick considering the amount of specia 
construction called for at times. Hammer weld pipe is more ex 
pensive than longitudinal butt weld, and whether or not its us 
is justified depends upon the individual viewpoint. 
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All the piping above described can either be butt welded in the 
field, or flanges may be used, or a combination of both. The writer 
prefers the combination method because this permits welding in 
convenient points and bolting where it might be difficult to weld. 
If flanges are used they can be procured with the ends Van Stoned, 
as illustrated in Fig. 1b, for high pressure piping, except that 
the flanges are made lighter and without the long hub and of either 
cast steel or forged steel. Or they may be bought with loose flange, 
for riveting in field, and caulked; or flanges can be welded in field. 
Another type of flange used is that made by burning out a plate 
to a ring form and welding the ring to the pipe or a steel casting 















































Fig. 8. Low pressure steam fittings 
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cast iron pipe 


might be procured and welded to the pipe. A good home-made 
flange, if rolling equipment is available, can be made by rolling an 
angle iron to ring form and then welding to the pipe. An expanded 
sleeve may also be used for low pressure pipe; this simplifies align- 
ment in field before welding. 

The flanges used for this work can either be drilled to the 
American standard for 125-lb. pressure, or to the lighter Riveted 
Pipe Manufacturers Standard. The latter drilling is generally sat- 
isfactory for all conditions except for bolting to a valve of fitting 
with the American Standard Drilling. 

In making up fittings, the elbows can be obtained in either three 
pieces, four pieces or any number of pieces, but in all cases the 
‘ittings are developed to prevent all waste of pipe or plate. One 
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piece of pipe or plate is all that is required to make an elbow. 
The greater the number of pieces of pipe in a fitting, the greater 
the number of cuts made, the greater the number of welds, the 


greater the cost. Fig. 8 shows how an elbow can be made from 


three cuts in a piece of pipe; 45 deg. elbows can be made in a sim- 


ilar manner. The welds on a standard straight tee are also shown 
in Fig. 8. Reducing tees, straight or reducing crosses, side outlets 
or bases to suit any desire of the designer can be obtained. It is 
also a simple matter to weld steel lugs for support or suspension 
anywhere desired ; this simplifies the hangers. 

Fig. 9 depicts a piece of 42-in. diameter 12 ft. long pipe with two 
special outlets off center, and was used by. the writer as an altera- 
tion job. Although this piece is simple, it is here reproduced be- 
cause it forcibly illustrates the advantage of the lightweight steel 
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Fig. 10. Special welded tapered increasing fitting used on one step booster station 


pipe with welding over the old C. I. pipe in low pressure steam 
work. This was an alteration job, where it was necessary to ru! 
the exhaust from two new reciprocating units into the exhaus' 
main. The main was installed some years ago, when the use o! 
C. I. was the prevailing practice. This alteration made in any wa) 
required a plant shutdown, and had to be done at a period of lov 
load or no load. The time available was therefore very limited. A! 
possible methods were studied out, including welding an outlet t 
steel studs tapped into the C. I. pipe, the method of cutting a hol: 
and attaching a steel nozzle with patch bolts; etc. But these wer: 
all eliminated because of the element of chance involved pertaining: 
to cracking the pipe and prolonging the shutdown period. Th: 
method finally decided upon was to purchase a pipe of 42 in. x 12 fi 
pipe made with cast steel flanges at each end welded inside an: 
outside, and the two outlets also welded. The material was on th: 
ground ready before the shutdown period, and with a valve bolte: 
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on to one outlet, and a blind flange on the other outlet. The cast 
ron pipe to be replaced was in a pipe trend and weighed 6200 lb. 
Fortunately a 20-ton crane was available overhead to remove the 
vi, 2 pipe. The new steel pipe was inserted without any trouble, the joints 
Ye made and the line turned on. How much simpler would it have 
been had the original pipe been of steel? 

Fig. 10 illustrates how easy special work can be made with 
4 welding. The tapered sections were necessary because of the na- 
% ure of the service. At one small end of this fitting was attached 
uy: a reducing valve used as a booster; at the end a globe valve was 
attached. Hither valve expanded from 150 lb. per sq. in. to 4 lb. 
per sq. in., and all in one step. Normally, both valves were closed, 
but the instant that the pressure in the main and to which the 
large end was attached fell below a predetermined amount, suit- 
able actuating mechanism caused the reducing valve to open in- 
stantly and send a stream of steam shooting at the tapered fitting, 
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pe Fig. 11. Butt welded low pressure fitting used to offset around existing pipes 
‘ resulting in extreme velocity and excessive shock, both of which the 
tapered fitting diminished appreciably as judged by sound. No 
standard fittings or any combination of them would have approxi- 
mated the smooth action of the tapered fitting; had a special casting 
een used, delay would have resulted; the cost would have been 
higher. 

Fig. 11 illustrates a large fitting that could be approximated with 
standard east iron fittings, but at greater cost. 
‘; [In vacuum steam or process work, all welded work is especially 
3 esirable to prevent all air seapage, inwards to the system. Air 
3 eeps the pressure up in a vacuum system, involves power expense 
or removal, and if not removed, adversely affects the economy 
‘the system. In this class of work it is preferable to use only 
ich flange joints as facilitate the erection and taking apart of 
e system in the event of repairs. Welded flanges should be used 


this connection because once made tight they always remain 
tight. 


Qo aN 


REFRIGERATION PIPING 


Ammonia piping may be under two different pressures. All 
ping from the ammonia expansion valve to the suction shut-off 
i've of the compressor. is known as low pressure piping, and is 
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normally under a relatively low pressure, or under a vacuum. 
Certain factors in operation can sometimes place this side of the 
system under high pressure and should, accordingly, be designed 
from the strength viewpoint exactly the same as for the high 
pressure side. The piping on the low pressure side except the 
cooling coils is almost without exception always covered with cork 
or other appropriate insulation. This factor of insulation is highly 
important from the welding standpoint, as will be shown presently. 


All piping from the ammonia compressor discharge back to the 
expansion valve (except piping to and from the intermediate cooler 
if-the system is compound), is under condenser pressure, and is 
known as high pressure piping and is invariably uninsulated. The 
upper limit of this pressure is fixed solely by the temperature and 
quantity of cooling water available for the condensers, and the 
quantity of inert gas in the piping system. 300 lb. to 350 lb. per 
sq. in. is the pressure always designed for in the Northern States. 
The pressure is kept below the designed maximum by the use 
of suitable ammonia relief valves. Ammonia is too valuable a 
fluid to discharge to atmosphere or to a sewer, and all precautions 
are taken to make it remain in the system, except where danger 
to life and property is involved by the retention. 


- The refrigeration equipment manufacturers were among the 
first to realize the possibilities and advantage of welding, both for 
certain classes of unfired pressure vessels and for piping. A great 
deal of the progress made in the welding art is due to them, for 
they have gradually experimented, perfected and enlarged their 
welding equipment, methods and organization, until today certain 
of the refrigeration equipment makers are among the largest users 
of welding. The chief use of welding in ammonia piping is for 
welding nipples, pipe couplings and blank ends on headers, and 
pipe outlets, etc., on pressure vessels. Welding in headers elimi- 
nates flanges and gives great compactness. The outlets are usually 
made of pipe material standard or extra heavy and using either the 
pipe itself or couplings. The flanges on outlets when used are 
always of the tongue and grooves, or male and female type. 


Ammonia pipe flanges are invariably screwed on using a thread 
compound such as litherage and glycerine, or the flanges are 
tinned and sweated on. Pipe with this type of flange when 
installed and left in service a number of years and then taken 
apart, should be tested for thread leaks before being reinstalled, 
or some of the work will have to be done over again. It is most 
economical and time-saving to burn off the ends of the pipe, and 
then to rethread or weld the ends of the pipe together. The writer 
is familiar with one installation where between 15 to 20 lengths 
of reclaimed 8 in. and 10 in. pipe were installed without any suc! 
test; the result was over 25 per cent leaks when tested under ai: 

In another installation with which the writer is acquainte: 
% in. ammonia bends for discharge lines to condensers were pu! 
chased. All three proved defective; the thread was cut eccentri: 
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in one of the bends leaving a thin pipe wall in one side; in another 
the pipe was bent to the wrong dimensions, and in a third the 
thread was defective. Ordinarily this would have meant delay 
on a rush job, but the use of the cutting. and welding torch saved 
the day. The ends were burned off and sleeve welds were used to 
reunite the pipe. : 
Fig. 12 is from a design by the writer used on an alteration 
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Fig. 12. Ammonia header used to save time and cost of insulation 


job when there was not enough standard fittings available for the 
job and time too short to await shipment of the standard fittings, 
and the making of a special fitting. This header was used as a low 
pressure header, and a neat saving was effected in insulation costs 
as well as in the piping itself. In certain plants with the direct 
®xpansion system long lines are involved. The liquid lines are 
always relatively small in size, are subjected to slight tempera- 
ture change, and are uninsulated, so that the ordinary ammonia 


flange joint with bolts and gaskets is satisfactory and cheapest, 
except for those installed where access to the joint may be dif- 
ficult, in which event welding is justified. The low pressure return 
gas line is relatively large in size, is insulated and contracts in 
service. Plain butt welds in line joints in this service would be 
more satisfactory than the flanges. 


BRINE PIPING 


Brine is the ‘usual refrigeration medium when the indirect ex- 
pansion system is employed. The ammonia is kept inside the 
refrigeration plant, and the cooling of brine takes place in the 
brine cooler. The brine is pumped to service points from the 
coolers, and at the service points the brine is warmed a few 
degrees, and is then returned to the cooler for further cooling. 
A brine system hence involves two lines; the supply and return 
usually of like or, approximately like sizes. Refrigerating brine 
lines being under low temperature all require insulation. The 
gaskets on brine systems, if of the proper type and properly 
installed, are rarely a source of trouble (the writer knows some 
that have been in service over 15 years without. trouble of any 
<ind). In spite of this, however, welding has a rich field in brine 
iping. All pipe flanges on brine carrying lines must be insulated. 
‘irst, because of the economy obtained; second, because were the 
‘anges left bare, they would frost up and be a’starting point for 
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rotting a greater proportion of the adjacent covering. Pipe flang 
covering, especially in larger sizes is expensive. If the cost of th 
fitting necessary to obtain an outlet, the bolts, the gaskets, th 
cost of installation and additional insulation charges are consid 
ered a very handsome saving can be effected by the use of 

brine header. 


In the design of a recent extensive brine system a good examp 
of the advantage of line welding over screw flanges occurr: 
Approximately 150 lengths of screw flanged brine pipe -we. 
ordered from four different pipe fabricators in widely scattere 
sections of the country. This pipe ranged in size from 6 i: 
diameter up to 18 in. diameter. The working pressure was speci 
fied, the service was specified as brine, the pipe was specified 
be refaced after being flanged, but no shop test was specified. Th 
material was received in field and erected, and then tested unde: 
water pressure. This test revealed approximately 25 per cent lea! 
all at the threads, and pipe from all of the four fabricators w: 
represented among the defective samples. Were the pipe for wat: 
service these defects would have been comparatively unimportan' 
because in a short time they would have cemented or rusted shu! 
but calcium chloride brine keeps the thread clean, so something 
else had to be done. After attempts at repair it was found thy 
the work could only be repaired by burning off the defecti) 
threads and rethreading the shortened lengths in some cases, an 
in others, rewelding with the sleeve reinforced weld. 

On another section of this same job 1300 ft., approximate 
of 10 in., 12 in., 14 in., and 16 in. brine line was installed withou' 
a single flange or fitting except at the extreme ends of the lin: 
it was an all welded job with the sleeve reinforced weld. Th: 
joints were tested under pressure, a very few proved porou 
and were remedied by reworking the metal around the defect wit 
the torch. The whole piping system was then insulated and con 
pletely covered in underground with no provisions for access. \ 
unaccounted for brine disappeared from the system, so evident! 
the lines proved tight. 

In both brine system and low pressure refrigeration system t! 
ordinary expansion is negative, ie. a contraction and compar: 
tively small in value, but, nevertheless, provision must be ma 
to care for this. . 


AIR PIPING 


Air piping can be classified as either high or low pressure. Hi; 
pressure air is discharged from an air compressor; low pressu 
air is discharged from a fan. High pressure lines.as a rule do | 
attain large size, and screwed fittings are satisfactory for m: 
work. In special cases, such as long lines, special fittings, e 
any of the welds described for high and low pressure, steam m 
pe used. 

Low pressure air is handled usually in large volume and. | 
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rdinary work galvanized iron and soldered joints are satisfactory. 
However, for pressure slightly above that common in ventilating 
work, say 4 in. of water pressure or over, and where thickness 
f metal must be comparatively heavy to provide for corrosion, 
velded ducts can be used to advantage. The writer employed all 
elded air ducts to good advantage in remodeling the air supply 
2 a stoker system recently where material used was \% in. plate 
Ci made into 30 in. diameter and scrap pieces of standard pipe from 
y i6 in. diameter down to 8 in. Flanges on the ends of the pipe 
) take removable blanks were cheaply made by welding a square 

plate with hole to the pipes. 


ey 
ey 
fe 


WATER PIPING 


As a rule for above-ground water piping in the smaller sizes 
screw fittings are satisfactory, and for cold water work in the 
arge sizes galvanized spiral riveted pipe is satisfactory for all 
rdinary work. The cost of such material ready for erection is 
isually so low that welding does not, as a rule, pay. But, for 
arge fittings, special fittings, outlets, etc., welding is very eco- 
omical. A 5 in. return water line paralleling the 4815 foot 12 in. 
line described earlier in the paper, was installed very economically, 
all with serewed couplings and a few cast iron flanges; but welding 
was used to very good advantage for all outlets, drips, etc., which 
had to be small and compact to minimize danger of freezing in 
dead pockets. Every 20 feet a small piece of channel was welded 
to the pipe to act as a support. For hot water lines placed under- 
cvround with no provision for access, plain butt welding is very 
satisfactory. 
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GENERAL FLUIDS 


In certain classes of fluids handled in very large volumes, welded 
piping can be used to very good advantage. The type of welds to 
se is the same as any described in the previous classes, depending 
n which class these fluids approximate. 





* STRESSES 


In line welds the plain V-type butt welding is subjected to a 
irsting stress given by Barlow’s formula: 
PD 
Ss = 





2t 

Where S = stress in pounds per square inch; P — pressure in 
unds per square inch; D — outside pipe diameter in inches and 
i: - thickness of pipe wall in inches, or thickness of weld metal. 
7 In addition to this a pipe may be subjected if heated or cooled 
expansion stresses which may be greater in amount than the 
ress due to pressure. The paper by Sabin and Crocker already 
ferred to indicates how to compute the amount of these stresses. 
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For 100 per cent efficiency, proper and complete fusion must be 
obtained between the pipe and weld metal, and the tensile strength 
of the weld metal deposited must be equal to that of the pipe. 
The above formula indicates that if the weld does not penetrate 
the full depth of the pipe the thickness will be smaller and hence 
S greater; if the thickness of the weld is increased the stress will 
be less. ; 

In the V-butt weld reinforced with sleeves, the butt and sleeve 
are figured separately and not as complements of each other. 
Either the V-weld or the sleeve should be strong enough to take 
all the stresses in the piping. The sleeve welds are subjected to 
stresses due to bursting acting in direction of pipe axis and tension 
and shearing stresses due to expansion strains. 

If a welder can make, for example, 999 welds out of 1000 which 
will remain tight in service after proper tests, with the plain 
V-weld, there is one chance in one thousand of the weld being 
defective, not necessarily, of course, leading to complete failure. 
If now, this same welder makes up a sleeve reinforced joint with 
ring sleeve, and the welds were designed as above indicated, there 
are two chances in a thousand of a defective weld in the sleeve. 
Since the butt and sleeve are computed each for taking all the 
stresses, the only possible way to have a noticeable defect, i.e., 
one that will lead to leaks or to failure, is to have the butt defect 
and the sleeve defect synchronized. 


The chances of synchronism is one chance in 1000 x 500, or one 
in a half million. If the defect leading to complete failure in a 
welder’s work occurs even as frequently as one in 10,000 welds, 
the chances for failure in a sleeve reinforced joint is one in 
50,000,000. If the sleeve used is split longitudinally there are two 
more weld joints and the probability of defects would be one in 
a quarter million; probability of failure would be one in twenty- 
five million. For the comparison to hold strictly, it would be neces- 
sary to test the butt joint first before welding on the sleeve, and 
then to test out the completed joint. But usually the completed 
joint only is tested and only synchronizing defects are evident. 


TESTS 


In designing a piping system a factor of safety of at least six 
is used, and this factor should also be used in welded work. A‘ 
the mill commercial pipe is subjected to hydraulic tests to locat« 
imperfections, and to determine security of the manufactured 
weld. These test pressures are high and should not be taken a: 
safe working pressures. The following table gives the tes‘ 
pressure used by the National Tube Company, see Bulletin No 
10. The ultimate bursting pressure given in last column is com 
puted from Barlow’s formula using 50,000 pounds per squar: 
inch tensile strength. The pipe is all full-weight, steel pipe under 
12 in. and % thick 14 in. and over. 
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Test Pressure in Bursting Pressure in 
Size of Pipe Pounds Per Sa. In. Pounds Per Sq. In. 

; | SE DS eee rrgreegens 1,000 4,230 
| Shratthcaet gb ie pi. 1,000 3,730 

Or ey et heed cates 900 3,400 

Be - the thes eben 800 2,946 

a ie es tae 750 2,680 

I se bss del, dane ae 700 2,340 

ae ON ay elec owt 600 2,080 


If any autogenous weld is to be as strong as the pipe, it should 
be subjected to a like test pressure, and tests on pipe to destruc- 
tion should come up to those given in the table which are based 
on values of tensile strength obtained from Barlow’s formula and 
actual pressures. But in practice this is never done because it is 
not deemed necessary. For high pressure steam work the test 
usually applied is hydraulic pressure two to three times the 
maximum working expected pressure, pounding the joints with a 
hammer while under test pressure. If any defects exist in the 
welds they are indicated by small leaks or sweating. Some 
engineers require the cutting out and remaking of all joints that 
sweat under pressure and rewelding; others merely require re- 
working the metal in the vicinity of the defect with the torch. 
The writer deems the latter method satisfactory, for experience 
indicates that once a welded line is made tight under water pressure 
and impact it will never leak steam. After the above test it is 
usual to make a temperature test by feeding steam very gradually 
into the line till the full working pressure is built up. This test 
is made before covering the line. 

For very low pressure steam lines a satisfactory test is made 
with 50 Ib. hydraulic pressure, but without impact, if supports 
permit the weight of the water. Air at this pressure may be 
used but is generally more laborious. Sometimes for very low 
pressure the test is omitted entirely, but never in vacuum work. 
Steam is turned on gradually; if no leaks develop when up to 
pressure, the line is ready for operation. 

Ammonia lines in field are tested to 300 lb. or 250 Ib. air and 
soap bubbles, and in shop are tested to this air pressure under 
water. In the high pressure side of the system the impact test 
should always be used in conjunction with the air test. 

Brine piping is tested with hydraulic pressure equal to twice 
the working pressure and impact. Air piping should. be tested 
with air and bubbles if on a compressor discharge. No test is 
required for air piping used in fan work. Water piping is tested 
the same as brine piping. General fluid piping is tested as con- 
ditions warrant. 


MATERIALS AND WORKMANSHIP 


In all installations with which the writer is personally 
acquainted, the material used for pressure up to 350 Ib. is standard 
full-weight pipe, except when very small size nipples or outlets are 
used, when extra heavy is sometimes necessary for increased thick- 
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ness required to make a good weld. No special pipe was ever 
used, the pipe was commercial pipe taken from ordinary pipe 
stock bought to ordinary specifications from a reputable mill. No 
preference is ever made as to open hearth or Bessemer steel, 
although some welders prefer the open hearth. In all welded 
joints made both electric and oxy-acetylene, the author has come 
in contact with in piping and unfired pressure vessels, not one has 
ever shown a defect after proper tests were made. 

The maintenance and construction organization of a large manu- 
facturing concern has two sources for welded pipe: it can fabri- 
cate its own piping or it can purchase it. Usually it will be found 
more economical to purchase when a large quantity of work is to 
be installed and sufficient time is available. Fabricating shops are 
all equipped for economical manufacture of welded piping, have 
better facilities for tests, better supervision, and greater expe- 
rience. The general welder in the maintenance shop can, however, 
turn out work that compares favorably with that of specialists. 


To obtain the best and most satisfactory work from a welder or 


any artisan, it is absolutely essential that he should be conversant 
of what is to be expected of his work. To illustrate this the fol- 
lowing table is given. It was desired to ascertain which was the 
most desirable and reliable method of attaching certain pieces of 
steel, notably threaded turn buckle ends. There are. three methods 
of doing this. One is to use a full rod of the proper length and 
threading, but this requires a left-hand thread to be cut as well 


TESTS ON RODS 
Ultimate Load 


Type and Size ; Per Sq. Inch Point of Brea! 
Plain tithe tised ccs wes oe 60,000 Full rod 
Plain 8, RAR ASR 75,500 Full rod 
Plain DETR Gh dak side ses uh pe 75,900 Full rod 
Plain SS is eee weisAicdiire 77,800 Full rod 
Plain A s:2'xs 0:as emseer Omsaeeedh 49,000 Full rod 
Plain Bok Vii otede Sas as Eds 62,500 Full rod 
Plain SOS. ats OS Pe 61,800 Full rod 
Plain Ria ehlid Oe . dues -»-) / 62400- -; Full rod 
Forged ie heen bawa> aakd Sam e-abe 50,000 Weld 
Forged LAs ye weld toned Pe Fey 61,200 Weld 
Forged ME eee seca tet ss cewene’ 37,800 Weld 
Forged iiss. BRET. 45,000 Weld 
Forged | RRC ge BRE me 2 62,000 Weld 
Forged ; Dt oe cues Cine PecveeaEe 50,400 Full rod 

Ultimate Load 

Type and Size Per Sq. Inch Point of Brea! 
Forged BY bak ektie ole bia Ste law here 50,500 Full rod 
ee es 45,500 Weld 
Oxy-Acetylene %”............. Siete a 27,300 Weld 
Oxp-Beotriene 6” on. 6 ccs mews + 9:0 Rees’ 38,800 Weld 
Oxy-Acetylene %"........... ci seeeees 50,300 Weld 
Oxy-Acetylene %”.............0000--. 50,300 Weld 
Oxy-Acetylene %”"........006--s00 000 60,500 Weld 


Average for plain rod 65,560 — 100 per cent. 
Average for hammer weld 50,980 = 78 per cent. 
Average for Oxy-Acetylene 45,500 = 69 per cent. 
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as a right-hand one. Another method is to forge weld the threaded 
pieces, that come with the turn buckle, to a plain rod. The third 
method is to forge weld the pieces. In making the test, pieces were 
cut off lengths of 134 in. reds, from stock bought to the same 
specification, and in this case of high tensile strength, were mixed. 
Some were given to the blacksmith, others to the welder, and both 
were told to weld the pieces together, with no mention of intended 
use for testing or otherwise. Samples of the full rod were also 
obtained. 

For the plain rod the lowest value is 74 per cent of the average; 
for the hammer weld the lowest value is 58 per cent of the average 
of the plain rod; for the oxy-acetylene the lowest value is 42 per 
cent of the average for the plain rod. The lowest value of each 
type compared with its own average is 74 per cent, 74 per cent 
and 60 per cent respectively. It should be noted that no restriction 
was placed on the thickness of the metal to be used at the point 
of joining. 

When the results were shown to the shop, prompt protest was 
made that the results were not a fair sample of the work of the 
shop, because the samples were thought to be for use in some 
relatively unimportant work and were made accordingly. The 
shop then made their own samples with the request that they be 
tested. The steel selected was all from *4 in. round rod and 
similar to pipe steel in composition. Unfortunately, but one sample 
of welding was submitted, but apparently the shop was willing to 
stake its reputation on the one sample. 


RESULTS OF TEST ON %-INCH RODS FROM OUT OF SAME 
PIECE OF STOCK 


Ultimate Load 


Type Per Sq. Inch Point of Break 
Plate tie ip bid cboc ae + od Mibihe «heels 49,500 
Sg PO ree 6 ee 49,100 
PIS ss50 54< 4tine ccna, stone cdetnaes 48,800 
legit SR oe... sas Fdedeseeetiate 47,700 End of weld 
Forgm SOP csiée siecle Cb04 shines 49,700 Outside of weld 
FORMP. WEE. caboscdnvaapiat inten 49,700 Outside of weld 
Forge Wt. 5 Kwik ok ys ccs eas thkaee 50,000 In weld 


Note the uniformity. of the results. 

Piping fabricated welded in the shop is sometimes annealed by 
heating over a flame, or by applying the annealing temperature 
from the welding torch. In the field it may be annealed by working 
the flame around, or may not be annealed at all, only attempts may 
be made to prevent strains in welding. 

In purchasing material it is best to leave this feature entirely 
up to the fabricator; he knows from experience what strains are 
set up, if any, and the methods of releasing. No fabricator of 
any prominence will risk his reputation on any but the best of 
welded work. 

In purchasing fabricated welded piping the kind of weld; i.e., 
whether gas or electric, should be left up to the fabricator. Doing 
this does not restrict bids as some fabricators are equipped for 
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the one process, other welders are equipped for the other processes. 
In purchased piping the gas weld seems the most common for 
high pressure work, while in low pressure work the electric process 
seems to lend itself better to production. In the maintenance shop, 
the gas apparatus seems to be the favorite because of its porta- 
bility, but usually it also pays to have the electric weld equipment 
for certain classes of work. 

In this paper no mention will be made of proper fusion rods 
to use or actual welding procedure. This will be left for the prac- 
tical welders. It is merely the attempt of the paper to indicate 
correct engineering principles involved in welded piping design, 
and to show the boundless possibilities of welding in piping when 
used under proper conditions. 


CONCLUSIONS 


The welded pipe joint is a satisfactory joint, easy to make, 
comparatively cheap for large size pipe or for high pressure pipe, 
is a time saver, gives the designer perfect freedom in piping lay- 
out, and once made tight, stays tight. It saves in insulation cost, 
and it reduces the coal bill even if unappreciably in amount. Its 
use makes possible certain economies in the industrial power plant 
pertaining to steam distribution, in permitting concentration of 
power and heat production. Low pressure steam distribution can 
be made in very cheap steel mains of large size, which has the 
advantage of being able to be added to at very low cost. It is the 
writer’s opinion, based on experience, that welded piping installed 
under proper supervision is fully as reliable as any of the other 
ordinary joints. True, a welded joint has resulted in failure now 
and then, but so have the other type of joints. C. I. fittings fre- 
quently fail, riveted vessels fail often, and gasket blow outs are a 
common occurrence. 

Welded joints have been scrutinized for defects and each defect 
magnified. But in a certain measure this close observance is bene- 
ficial, for it has taught caution in a comparatively new art. The 
fact that welded piping is: now in such extensive use, and its use 
increasing day by day, indicates that criticism has not been in 
vain. 

This precaution must not be so stringent as to throttle welding, 
but must be rigid enough to secure against failure. The best 
precaution possible is to use only welders and welded material of 
known reliability, i.c., deal only with fabricators and welders who 
value their reputation. 

The piping designer should cooperate with the maker of welded 
material; he should properly allow for all stresses, expansion. 
pressure or otherwise. And, if possible, he should keep welds, 
_unless properly reinforced, away from points of maximum stress 
Welding is a most important tool to the piping designer, and h: 
should understand both its possibilities and limitations. 














The Design and Manufacture of a ‘Hivtiontal 


Cylindrical Pressure Tank* 
L. H. BURKHARTt+ 


Size of tank is 48 in. diameter x15 ft. long on cylindrical shell. 

Heads dished outwardly. 

The tank is to be used as an air or steam receiver under 250 Ib. 
pressure. 

A manhole and the required openings, fitted with nozzles or 
screwed flanges, are to be a part of the structure. 

The tank is to be made by fusion welding throughout and is to 
be according to the Unfired Pressure Vessels Code, using the unit 
stress of 8000 Ib. for double V welded joints. 

Standard flange steel will be used. 

The thickness of the shell is found by the following formula: 


L =.PR 
Ss 
When T = thickness of shell, 
P = Pressure, 
R = Radius of shell, 
S = unit working stress — 8000 lb. 
substituting we have: T = 250 x 24 = .75 in. = % in. 


8000 
The thickness of the heads, when dished outwardly, is found by 
the following formula: 
T = 5.5 PR plus 4% = 5.5 & 250 x 48 plus 4 = % in. 





28 2 x 55,000 

We will place a 11-in. x 15-in. manhole in one head. Therefore, 
according to the Code the head containing the manhole will be 
in. thicker than the head without the manhole. 

The size of the plate required for the shell, if made of one plate, 
is 1801% in. x 154 in. x 3 in., weighing 5850 Ib. This size of plate, 
according to the Mill schedule of width extras, will cost $1 more 
per 100 Ib. than if the shell is made of two plates with a double V 
welded girth seam at the center. The cost of this extra girth seam 
is less than the extra, viz., $58.50 on the wide plate. 

As an alternative construction the-.shell can be made of one 
course of two plates with two longitudinal seams with approxi- 
mately the same amount of welding and without any extra for wide 
plates. Such a construction requires the use of a plate bending 
roll that will roll plates 15 ft. wide. Not all shops are so equipped 
30 I am showing a construction that will suit most shops. 





*To be presented at annual meeting, A. W. 8., April, 1926. 
+Chief engineer, Struthers-Wells Co. 
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The heads will be dished to a radius of 48 in. inside and flanged 
with a flange of the depth shown on standard mill card for dished 
and flanged heads. For a %-in. head this flange is 514 in. deep, 
which includes the radius of the flange. 

The shell and heads will be prepared for welding as follows: 
The two shell plates will be 9014 in. x 154 in. x 34 in. in the rough. 
They will be planed on all four edges, half way through, to an 
angle of 30 deg., so when they are assembled the joints will show 
an open V of 60 deg. The heads, which in the flat are 58 in. diam- 
eter, are dished and flanged either by the spinning process or in 
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Fig. 1. Electric welded air or steam receiver 250 lb. working pressure 


- dies on a press. The heads are to have the flanges turned to a 
bevel of 30 deg. and the flange from the inside faced to the thick- 
ness of the shell plate, this to facilitate the making of a weld on 
the inside. The shell plates have their edges bent to 24 in. radius 
and are then completely rolled to a true eylinder and clamped in 
this position. 

The long seam of each half of the shell is now welded by placing 
one string of welding on the outside and another string on the 
inside, the welds to be built up at the center. about one-eighth the 
thickness of the plate and sloped gradually to the parent meta! 
without a depression. Such a weld will have a greater tensile 
strength than the plate, it is a 100 per cent joint. 

The shell sections and heads are now assembled and tack welded 
to a true alignment. One string of welding is placed in the V on 
the outside and one on the inside and both are built up as explained 
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for the long seam. The assembly of the parts and the make up of 
the welds are shown in the accompanying drawing. 

After the tank has been welded and all openings attached as 
shown, a test of 500 lb. hydrostatic pressure is applied. The tank 
may be pounded with a heavy wooden mall until one is exhausted 
if you wish. This pounding will have no effect on the welds and 
could just as well be omitted. Welds made as described will never 
open under a hammer test. If a hammer test.is insisted upon it 
should be done by using a heavy wooden mall and not a steel ham- 
mer, which dents the plate wherever it strikes. 

The tank, as described above, contemplates the use of metallic 
are welding. By the use of such a process fewer stresses are set 
up and left in the welded seams; less warping and distortion of 
the parts occurs and the strength of the welds is greater. 

If the above tank were to be made riveted, using quadruple butt 
strapped joints with an efficiency of 93 per cent, the shell plate 
could be 5% in. thick with a factor of safety of 5, which is all that 
is required. The edges that are usually caulked can be. caulk 
welded, thus making the riveted tank as tight as the welded one. 
The welded tank will have joints of 100 per cent and we know the 
riveted tank will have joints of but 93 per cent, a lower efficiency 
of joints, yet the plate of the shell for the riveted tank is thinner 
than the shell for the welded tank. This is because the unit stress 
of 8000 Ib. is too low. To place welded construction on an equal 
basis with riveted construction, the unit stress of the welded joint 
should be taken at 9000 Ib., and this unit stress is not too high for 
the double V welded seams in plate of not less than 55,000 Ib. ten- 
sile strength, when you consider that the weld has at least 25 per 
cent more section in it than the plate. If 8000 lb. is to be consid- 
ered the unit stress in the joint, the strength of the joint should 
then be computed on the basis of the built up weld, which is from 
10 per cent to 25 per cent more than the plates. 
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Gas Welded Longitudinal Seams for 
Stringent Requirements* 
A. C. Vickt 


The welding industry at the present time is enjoying a very 
rapid progressive march with which few people are familiar. 
Great progress is being made in all kinds and types of flash butt 


_ welding resistance welding, cutting, etc. Progress at the present 


time is so rapid that it is somewhat difficult to keep even well 
posted on the industry. In the past welding has been given a 
great deal of criticism and has been looked at and followed with 
a great deal of skepticism. However, the welding industry at the 
present time is in the happy position of having a great many 
manufacturers, who are thoroughly sold on its possibilities as a 
result of having followed it very closely and given it time, study 
and money without restraint. To these manufacturers can be 
given a great deal of credit for the progress of the industry. 

The Detroit Range Boiler & Steel Barrel Company of Detroit, 
Mich., found early in the history of their business that welding 
of many types and forms would be of unlimited value to them, 
and as a result a great deal of experimenting has been carried on 
for a good many years. Welding of various types and forms is 
being used in different ways, and the management has kindly con- 
sented to permit the history of one of the welding jobs that has 
been extremely difficult to whip and control to be given. However, 
at the present time they are in the happy position of being able to 
say that they have won a great victory, and in the writer’s opin- 
ion, those who are familiar with welding will heartily agree when 
once they are made familiar with the facts concerning the job. 

At this point we find it necessary to go somewhat into details, 
in that the particular welding job we wish to describe is involved 
in the manufacture of what is known as “Bilge” barrels: We 
shall avoid as much as possible operations that have no bearing 
on the welding in order that we might pursue our subject closely, 
namely, “welding.” However, we find it necessary to get away 
from welding a trifle at times. 

The “Bilge” barrel gets its name from its shape, which is bilged 
or bulged in the center of its strength. The main part of the 
barrel is referred to as the shell, and this shell is made from a 
flat sheet of steel which is carefully resquared with a squaring 
shears on the two edges which butt together when the sheet is 
rolled and which forms the joint that is to be welded. The gage 
of the shell varies somewhat according to conditions and runs from 
12 to 14 United States Standard Gage inclusive. After the shel! 


has been welded it is then placed on what is known as an expander 





*To be presented at the annual meeting, A. W. S., April, 1926. 
¢Plant engineer, Detroit Range Boiler & Steel Barrel Go. 
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which, in itself, is nothing more than an expanding arbor, which, 
as it expands forces the shell to expand and take the exact shape 
of the mandrel itself. This operation is known as “bilging.” 

In “bilging” a 55-gal. bilge barrel shell, the diameter is increased 
from 21 in. to 24% in. at the bilge, the end still remaining 21 in., 
the diameters at intermediate points being governed by the height 
of the segment at that particular point. 

This will give you somewhat of an idea of the + amt demands 
put upon the welding. 

The expansion of the 31% in. at the bilge effects an elongation 
of 11 in., which is distributed over 66% in., the circumference of 
the original cylinder; this is an elongation of 0.166 per inch of cir- 
cumference. - 

The elongation effects a reduction in thickness of approximately 
0.007 Of an inch which, in the case of a 13 gage shell, is a reduc- 
tion in area of 714 per cent. 

The writer feels certain that those familiar with welding will 
appreciate the difficulties encountered when the manufacture of 
the shell by this method was undertaken, and we shall endeavor 
to go back some few years and give a general idea of the history 
of the method. : 

As near as can be ascertained by records, this was undertaken 
in about the year 1914. As you all know the analysis of the 
steel has a great deal to do with the strength of the weld, and 
also its welding possibilities and characterstics. The tremendous 
test to which this weld is subjected in the bilging operation made 
it a very difficult proposition. However, the steel companies, after 
having carefully gone over the operations were so confident that 
they could furnish the proper analysis steel, that they guaranteed 
to allow the company full credit for all shells which broke in this 
operation. Consequently, orders for limited quantities of steel 
were placed, which in ‘turn were filled by the mills and shipped to 
the plant for trial. 

When everything was in readiness a few sheets were welded 
and tried, a single weld being used on the outside and but verv 
little wire added. When the attempt was made to bilge these 
shells the breakage was found to be 100 per cent and it was soon 
very evident that the difficulties had been very greatly under esti- 
mated. In every case the welds themselves proved to be the weak 
point. When the second attempt was made a great deal of wire 
was added, but the weld was made on the outside only as before. 
The results of these welds were the same as previously, namely, 
100 per cent breakage. A third attempt was made with the shells 
welded on the inside and the outside and with the use of plenty of 
wire, this attempt showed the most satisfactory results of all. 
Four out of ten shells were finally successfully bilged. Since steel 
companies had agreed to-allow full credit for all breakers, manu- 
facturing continued on that basis, namely, 60 per cent breakers 
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or six out of every ten. This, of course, soon began to be a very 
heavy burden on the steel companies, who in turn began making 
frantic efforts to supply a steel of the proper analysis to better 
withstand this operation and with some degree of success. Th-> 
percentage was finally raised to five out of ten due to their efforts. 

During this time no welding jigs were used at all and the proc 
ess of welding consisted of tacking the shell at several points and 
then completing the weld, the shell itself resting in a cradle which 
was made of angle iron or pipe. 

By careful and diligent study, approximately three years later, 
a welding jig was devised that enabled the welding to be done a 
great deal faster, and also enabled the welder to produce a some- 
what better weld. An increase of. the percentage of approvals of 10 
per cent was a result of this, making 60 per cent that met all re- 
quirements. Intensive research work began about this time and con- 
tinued for a period of approximately three to four yeats, during 
which time, through the combined efforts of the company and the 
steel company, the percentage was raised to between 85 and 90 per 
cent. However, during this time the steel companies had found the 
burden too great and refused to allow us credit on the breakers. 
This, of course, increased the already strenuous efforts of the De- 
troit Range Boiler & Steel Barrel Company on the welding. A 
quality of welding was finally attained that very rarely broke in the 
weld itself. In fact, only 5 per cent of the entire number of break- 
ers broke in the weld itself, the balance being what is known 
as “zone” breakers. 

The weld zone is considered to be the metal directly adjoining 
the weld, lying inside of lines paralleling it at a distance of 4 in. 
on either side—hence the welding zone is an area of 8 in. wide 
running the full length of the sheet with the weld running through 
the middle. ; 

It is to be remembered that in the entire foregoing description 
the seam was welded both on the inside’ and outside of the shel! 
The outside weld being comparatively easy to make. However, 
the inside weld was entirely a different proposition. A good siz« 
tip was required which, of course, dissipated considerable heat. 
the length of the shell being approximately 33 in. A great dea! 
of the heat was trapped inside of the shell and all of it was forced 
to exit at either one end or the other. To better facilitate weld 
ing, the shell was usually placed at a slight angle with the end :' 
which the operator was working slightly higher than the opposit: 
end. This, of course, created a condition in which the welder him 
self was forced to face the heat, which naturally flowed up to th 
high end of the shell. On 12 gage shells it was quite common fo 
an operator to blister his face to no small extent. However, thi 
condition was finally bettered a great deal by the use of small fan 
which forced the hot air out of the opposite end of the shell an 
permitted the welder to work a great deal more comfortably. 
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About 1921 the entire barrel business was moved to Toledo, 
Ohio, reinstalled and the work carried on. Efforts to improve the 
welding were never relinquished for a moment, and finally in the 
latter part of 1923 the welding had been improved through better 
igs, better steel, better welding equipment and better operators 
to a point where it was finally possible to get entirely away from 
the double weld. When once the proper conditions were secured 
the elimination of the double weld was not such a difficult thing as 
might be thought. One of the objections to the double weld was 
the second heat of the:steel that took place in the immediate vi- 
cinity of the weld. Conclusive tests proved that far better results 
could be obtained, if it were necessary to go over the seam but 
mce, and the writer believes you will all agree that on hot roll 
stock the more often you heat the weld the lower the tensile 
strength of the steel adjoining the weld. It has been proven con- 
clusively that to stop welding in the middle of the seam and allow 
the weld to cool before restarting, the weld produces a weak spot 
idjoining the weld at this point. Therefore, it is highly advisable 
when once a weld is started to make the entire weld without stop- 
ping. 

At the present time under good conditions with steel of the 
proper analysis and annealing the “breakers” do not exceed 4 per 
‘ent. However, under poor conditions, that is, with steel of wrong 
analysis and poor welding qualities the percentage runs much 
higher and the fractures are not alone confined .to the weld or 
welding zone, but may occur at any point. 

The condition has been experienced where the material seems 
to be ideal for welding, but in bilging fractures occur in the weld- 
ing zone, this is due to improper annealing and the effect of the 
welding on the steel adjoining the weld is to render it more 
“stretchable” than the rest of the sheet. When this occurs the 
steel in the welding zone is stretched to the breaking point before 
any appreciable stretching has taken place anywhere else on the 
cireumference, , 

As before mentioned with good material the percentage of break- 
ers is small, test welds made on 13 gage stock were cut in 114-in. 
wide strips at right angle to the weld and were tested in a testing 
machine and broke at 1800 Ib. at a point 14 in. from the weld. 
Proving that with good steel the welds could be made stronger than 
the original material. 

Another important requirement is that the barrel be airtight 
fter assembly, as the nature of the commodities sometimes shipped 
n these containers is such that the lives of men handling them 
vould be endangered in case of any leakage. 

The Interstate Commerce Commission Specifications No. 5 under 
vhich this type of container is manufactured calls for the follow- 
ng tests: 


Each barrel must be tested under water or with all seams cov- 
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ered with soap suds, by interior air pressure of not less than 15 
lb. per square inch and must stand this test without leakage. 

Each barrel produced under this specification is tested in com- 
pliance with the above. 

At intervals of three months barrels taken from the regular line 
of production are given the following tests in accordance with 
Specification No. 5. 

A 40-lb. per square inch hydrostatic test sustained for not less 
than 5 minutes. 

Any distortion of the heads due to this test must be such that 
they can be restored approximately to their original position (by 
hammering with a wooden maul or similar means), without leak- 
age when subjected to a 15-lb. air test. 

When filled with water to 98 per cent of its capacity this type 
of barrel must also be capable of standing without leakage a test 
by dropping it diagonally on its chime from a height of 4 ft. upon 
a solid concrete foundation. 

These tests are for the purpose of subjecting the container to 
treatment similar to what it may receive under actual shipping 
conditions and when it is considered that barrels of this type have 
been in continual service for a period of thirteen years, one can 
appreciate the high standard of welding and manufacture under 
which they are constructed. 

The above is a fairly accurate history of the difficulties encoun- 
tered and overcome on this particular job. The writer trusts that 
it has been of interest and will be of some service to the reader in 
his particular line of work. 





The Design of Welded Joints* 


S. W. MILLER 


In any industrial process, success is only obtained by following 
a definite procedure. In many cases, this is done unconsciously, 
rather than consciously, because experience has shown that certain 
things must be done if success is desired. Welding processes are 
not in any way different from others, and if it is expected that suc- 
cess should be attained, a definite procedure must be established as 
in other cases. It is convenient to apply the term “Procedure Con- 
trol” to cover the various steps and items that are involved in 
successful work, and it has been found by experience that when 
the Procedure Control has been definitely established on a sound 
basis, success is inevitable. The various steps in this control ma) 
be considered to be the following: 
1. Workmanship: Workmanship includes everything pertaininy 
_ to quality of the welding and the determination of the ability o' 
*Presented at San Francisco Section A. W. S., November, 1925, and to be present: 


at annual meeting. A. W. S., April, 1926. 
+Consulting engineer, Union Carbide & Carbon Research Laboratories. 
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the welders. In important cases, tests of the welder’s ability should 
be made by breaking test pieces either in a testing machine or by 
bending. 

2. Materials: Materials include both the metal in which the weld 
is made, and the wélding rod used. These tests would be such as to 
determine whether the materials are of suitable quality, and 
whether they meet the specifications under which they may have 
been procured. 

3. Design: The design of a welded joint is of great importance, 
not only for strength but for ease and cheapness of manufacture, 
and the designer must often depart from the usual methods of join- 
ing, if he expects to get the best results from welding. 

4. Preparation: This covers all such matters as jigs, fixtures, and 
other work preparatory to doing the actual welding. 

5. Welding: This includes everything in connection with the 
actual welding operation, such as, the methods by which the parts 
are tacked and welded, allowances for shrinkage, the order in which 
different parts of the work shall be done, and the supervision of 
the welders. 

6. Testing: In this are included any usual or unusual methods of 
test that may be devised to meet the requirements of welded struc- 
tures. Sometimes special tests are necessary, and these should be 
worked out with care and good judgment, so that their application 
will prove the integrity of the work. 

Each one of these, like links in a chain, must be of the proper 
strength, that is, satisfactory in all respects if tlie result is to be 
equally satisfactory... At the present time, design, which is just 
as important in welded structures as in any other, will be con- 
sidered, and as one of the most important general divisions of 
welding is that of steel plate, it will probably be well to confine 
our attention to that branch of the subject. 

It is easily seen that all of the above mentioned links in the 
chain are more or less interdependent, and before we can design 
intelligently, we must know something about the materials we are 
going to use. It will, therefore, be necessary to say a few words 
about steel plate. 

There are four commercial qualities of this material—fire-box, 
flange, ship, and tank, and all of them are easily available in the 
market. All of them, also, except tank plate, are made under dif- 
ferent specifications such as those of the American Society for 
Testing Materials. Tank plate, so called, has no definite specifica- 
tion, and in it may be found materials varying widely in chemical 
composition and physicial properties, much of it being the result 
of some difficulty in making a heat which has caused the heat to 
deviate to some extent from what was expected. For instance, 
the quality may have been poor, the chemical composition may not 
have been that desired—these difficulties being summed up in the 
general term an “off heat,” so that while it may not be possible 
to use the heat for the purpose desired, the material is still good 
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enough to use in many cases, and it is, therefore, rolled into tank 
steel and sold as such: 

It will be enough to say here, in order to avoid going too deeply 
into the question of materials, that tank steel is not geod for 
important welded structures’as its welding qualities are frequently 
undesirable and as the welds made in it will probably be inferior. 
Of course, for many purposes, it is good enough, but the designer 
should use discretion in employing material which is not up to 
the highest standard. It may also be said that as far as the 
physical properties are concerned, the material can be selected from 
any one of the four grades that will meet these requirements for 
each one—that is, tensile strength and other properties of tank 
steel can be the same as for fire-box steel. This is also true of the 
chemical composition. 

There is, however, a difference between the grades that results 
from what occurs during the making of the heat. That is, the 
rather intangible “quality” of the material similar to that which 
we meet in every-day life in our ordinary wearing apparel, food, 
and other similar articles. No reputable boiler shop would use 
tank steel for the construction of the shell of a boiler, but would 
require the quality that is present in flange or fire-box steel. 

For welding, it is important that high quality material be used 
for the best results, and, therefore, fire-box steel, which is the best 
grade, is most suitable for important work so that the designer 
in such case should use this quality of steel. 

Such material, according to standard specifications, may have 
a tensile strength of from 55,000 to 65,000 lb. per sq. in. and a 
minimum yield point of one-half the tensile strength. 

It is well known that the lower the carbon content of a piece 
of steel, the more readily it stands heating and cold work without 
injury. This is particularly true of heating, and as fusion welding 
involves a considerable amount of heating, we would use prefer- 
ably a low carbon material. My personal belief is that materia! 
for welding should at the present time contain not over 15 per 
cent carbon. 

I said before the tensile strength of fire-box plate may range 
from 55,000 to 65,000 Ib. per sq. in. This tensile strength may be 
obtained either by having a certain carbon content or to a con- 
siderable extent by cold rolling, and the thinner the plate for the 
same carbon content, the greater tendency to higher tensile 
strength. For example, in Bulletin No. 5 of the American Welding 
Society that describes the tank tests made at the Bureau of 
Standards, the “C” tanks in Table No. 2 were made of 25 per 
cent carbor steel that had a tensile strength of 65,000 Ib. per sq. 
in., while the “F, G, H, and K” tanks containing an average of 
about 10 per cent carbon had an average tensile strength of about 
49,000 Ib. per sq. im. In Table No. 3, of the same Bulletin, the 
tensile strength of ‘the thinner materials was noticeably greater 
although their carbon content which is not given was about 12 
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per cent. For instanée, tanks “X2, 3, and 4” had a tensile strength 
of about 62,500 Ib. per sq. in. and there is a considerable variation 
in this tensile strength. This is undoubtedly due to the varying 
amounts of cold work. 

In any structure that has none of its parts heated, advantage 
may be taken of this cold work in the design. That is, the strength 
of the material as rolled may be used as a basis for the design, but 
as heating removes the effect of the cold work, any strength im- 
parted by cold work should not be considered in any structure 
that is heated. For instance, in flanging a boiier sheet, heat is 
applied and the strength of the flanged piece is not the same as 
before flanging. Under certain conditions, it may be greater, but 
usually it is weaker; exactly what happens depending upon the 
duration of the heat and its intensity. In the same way, steel 
structures that are fusion welded should be designed on the basis 
of the strength of the metal that has been heated if this is less 
than that which has not been heated. Of course, if it is greater, 
the strength of the sheet itself governs the design. 

“One very common form of riveted and welded structures is that 
of a pressure vessel. In designing a riveted one, if the designer 
wishes to take full advantage of the tensile strength of the plate, 
he will require test pieces from each piece going into the con- 
struction of the vessel, and by properly arranging the diameters 
of the rivets and their spacing and number, he can attain with a 
given type of ‘joint a maximum efficiency and, therefore, a 
maximum strength. In production work, that is, where a large 
number of similar tanks are made, it is not commercially feasible 
to follow this practice, and he usually takes the minimum limit 
of tensile strength as his basis of design. For example, his specifi- 
cation may call for plate varying from 55,000 to 65,000 lb. tensile 
strength, and for safety he uses 55,000 as his design basis with 
whatever factor of safety and joint efficiency he may desire. 

Exactly the same result is obtained by using a definite maximum 
working fiber stress. In the case cited, if he uses a factor of 
safety of 5, this fiber stress would be 11,000 lb. per sq. in., which, 
of course, would be multiplied by the efficiency of the joint for 
the design figured. 

With welded joints, the first method is not applicable because 
the strength of the weld when made with any particular welding 
material cannot be varied, assuming, of course, good workman- 
ship. For instance, the strength of the weld metal in a fusion 
weld when it is made with ordinary low carbon steel welding wire 
and of the double V type, is about 50,000 lb. per sq. in. Now if 
the plate be of 50,000 lb. tensile strength, the efficiency of the joint 
would be 100 per cent. If, however, the strength of the plate be 
65,000 Ib., the efficiency of the joint would be only 77 per cent. 
Two things, therefore, are clear—first, that the term, “efficiency 
of the joint,” should only be used in connection with welded struc- 
tures when a thorough understanding of what the term really 
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means is had. Second, that in testing welders, the tensile 
strength of the plate used must be known if fair comparisons are 
made, and justice is to be done to the different men. 

With regard to the latter, it is obvious that a welder who makes 
his test welds in a 50,000 lb. plate, can by reinforcing his welds, 
which is usually done, break the plate; while another welder using 
a higher tensile strength plate may have his test pieces break in 
the weld. It would be quite unfair to the latter man to say that 
because his pieces broke in the weld his ability was inferior to 
that of the man whose pieces broke outside the weld. 

Such a comparison would be unfair in a regular tensile test and 
would be equally unfair in a bend test, because with the weaker 
plate, the bending would occur largely outside of the weld, and 
a cursory examination would commend such a weld. With the 
higher tensile strength plate which is naturally stiff, the bending 
would occur more in the weld with the probable result that it 
would not bend to the same angle as the first one before breaking. 
A similar cursory examination would condemn the latter weld. 

It seems clear, therefore, that the only fair basis for design 
in the case of welded structures is to use a maximum working fiber 
stress based either on the tensile strength of the plate, or on the 
tensile strength of the weld metal whichever is the lesser. This 
brings us to another important point, which although it has been 
brought out in the above, may be re-stated in different words to 
make it more clear. . 

Using a rather exaggerated case—a 50,000 Ib. weld in a 50,000 
lb. plate is just as strong as a 56,000 Ib. weld in 100,000 Ib. plate, 
although the efficiencies in the two cases are 100 per cent and 50 
per cent. In the first case, theoretically, the rupture may occur 
in either the weld or the plate, but in the latter case, it will always 
occur in the weld. This shows us that there is no advantage in 
using plate of higher tensile strength than that of the weld metal. 
It also shows that there is no decrease in thickness with high 
tensile strength plate. 

It is, of course, quite desirable that we be able to produce a weld 
that will be equal in strength to the highest tensile strength plate 
that can be obtained, and this has been done in experimental work. 
There is, however, the difficulty of welding high carbon plate, 
the carbon of which gives it its high strength, and until these dif- 
ficulties are overcome by the development of proper procedure 
controls, we are better off to use a low carbon plate that we are 
sure will give perfect safety. 

It has come to my attention in a number of instances in different 
parts of the country, that there are some people who are in doubt 
as to some of the details and methods of designing welded tanks 
and other similar structures subject to internal pressures. Of 
course, this does not apply to engineers familiar with such work, 
but for the benefit of those who are not so familiar with it, it 
probably would be well to say a few words about this subject. My 
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belief is that the double V type of weld is always superior to the 
single V type. There is a strong tendency in any single V weld, 
particularly when made with ordinary welding materials, to be 
imperfect: at the bottom of the V. In addition to this, reinforcing 
the weld, that is, adding metal to one side, throws the line of 
resistance of the weld metal to one side of the line of. application 
of the stress. This results, of course, in eccentric loading, and it 
is well known that this increases the stress at the bottom of the 
V to a very high point. It may be also pointed out that even if the 
weld be sound and entirely fused at the bottom of the V, there is 
a different amount of weld metal at the top of the V than at the 
bottom, and that the physical characteristics of a section at the 
top and bottom of the V are different because of the difference 
in characteristics between the base and weld metals. Further, my 
experience convinces me that the weld metal at the bottom of the 
V is never as good and as sound, even when thoroughly fused to 
the base metal, as it is in the upper part of the weld— so. that as 
I stated before, I am thoroughly convinced that a weld of the 
double V type is superior to one of the single V type. 

The tests of pressure vessels at the Bureau of Standards that 
were sponsored by the American Welding Society show that with 
the materials used, it was perfectly safe to use a maximum work- 
ing fiber stress of 8,000 lb. per sq. in. for a double V weld, and, 
therefore, the Welding Society recommended that this be used 
as shown on Page 3 of Bulletin No. 5..The Bulletin also shows the 
derivation of this figure on Page 12, under the heading “Design.” 
The average bursting strength of the regular tanks with double 
V welds was 50,000 lb.—using a factor of safety of 5 or a 
working stress of 10,000 lb. and ailowing 20 per cent for irregu- 
larities in workmanship gave the figure 8,000 Ib. It would cer- 
tainly seem that this is not too high a figure for safety in practice. 
The usual formula for the strength of thin shells subjected to 
internal pressure is— 

2t x T 
p= 





in which “p” equals the maximum allowable working 
D 
pressure in lbs. per sq. in. 

“t” equals the thickness of plate in inches. 

“T” equals the maximum allowable fiber stress in lbs. per sq. in. 

“DP” equals the internal diameter of the shell in inches. 

Barlow’s formula is the same except that he used the outside 
diameter instead of the inside. 

A thin shell is one whose thickness is small compared to its 
diameter. The derivation of the formula is quite simple and easily 
remembered. If a section of the shell one inch long be taken, 
evidently the total pressure on this section will be equal to “p” 
multiplied by the inside diameter of the shell. This tends to 
tear the shell apart at the ends of some diameter so that the tensile 
strength of the shell at both ends of the diameter would be equal 
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to the above bursting stress. This resistance to bursting is equa! lar 

to the area of metal at both ends multiplied by the tensile strength ge" 

of the material, so that we have— oS 

2 x T 

px D=2txT orp = = 

D ha 

tie 

Barlow’s formula evidently decreases the allowable pressure be- fol 

cause his diameter is somewhat larger than in the ordinary formula. to 

The application of this formula is very simple. Supposing, for th 

instance, we want to design a welded tank for 250 lb. pressure and ha 
36 in. diameter. 

2t x 8000 th 

250 = —————- or t = .5625 = 9/16 in. eq 

36 


its 


The application of this formula to shells whose thickness is 
great in proportion to their diameters will not give satisfactory 
results, and in such cases it is probably better to use the formula 
of Birnie. “However, it is unusual to find a case in which Barlow’s 
formula will not make a perfectly safe structure, and as there is 
always a reasonable factor of safety used in designing, it is quite 
improbable that there is at present any real necessity for formulas 
other than that of Barlow. 

These formulas give the strength of the longitudinal seams. 
Many times girth seams are used, and for tanks subjected to in- 
ternal pressure, the theoretical resistance of such seams is twice 
that of the longitudinal seam. This is shown as follows: 

The stress around the circumference is equal to the area of the 


shell multiplied by the internal pressure, or using the same symbols 
as before— 


al 


«D* 
P= 





x Pp 
4 


The resisting ability of the tank te rupture is, in this case, equa! 
to the area of the metal in the shell multiplied by its tensile 
strength, or under the assumption that in a thin shell there is prac- 
tically no difference between the inside and outside diameter, this 
would be equal to— 





=Dt x T : 
The bursting pressure is, of course, equal to this so that equating 
them we have— 
xD? 4tT 
x p = zDt x T, or p == —— 
4 D 


Which means, the maximum allowable working pressure is twice 
on the girth seam what it is on the longitudinal seam. 

- There is, therefore, with good welding no danger from the girth 
seam in the welded tank even if it be of the single V type, particu- 
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larly as the stress on it within the yield point is to all intent and 
purposes pure tension, the curved shape of the shell resisting suc- 
cessfully any tendency toward eccentric loading. 

The next point to be considered is the design of the heads. These 
may be any shape from flat to hemispherical. Evidently a flat head 
has very little resistance to internal pressure unless it is braced by 
tie-rods or diagonal bracing of some type. As this method of rein- 
forcement is usually undesirable, and as it is difficult and expensive 
to produce heads that are hemispherical, it is customary to dish 
them to a radius equal to the diameter of the shell. This dished part 
has to be connected to the flange by a short radius. ; 

The strength of a spherical shell is'determined as follows. Using 
the same symbols as before, the resisting power of the metal is 
equal to the area of the metal at the largest diameter multiplied by 
its tensile strength, or 

: xD? 
«Dt xT, the stress is 





x p 
4 

and these are equal. This reduces to— 

4tT 

Pp=——— 

D 
This means that the strength of a hemispherical head of the same 
thickness as the shell is equal to that of the girth seam, or twice 
that of the longitudinal seam. It is also clear from this formula 
that a hemispherical shell of the same thickness as the cylindrical 
shell, but of twice the diameter, is equal in strength to the cylin- 
drical shell—so that by using the head having a radius equal to the 
diameter of the shell, it can be made of the same thickness as the 
shell and have the same strength. 

This is the usual construction, but unfortunately it is necessary 
in riveted construction to have a flange extending either inside or 
outside of the shell so that the head can be connected to it. This 
small radius is, under pressure, subject to a greater stress than any 
other part of the tank, and when the tank begins to distort, the 
effect is shown by Luders’ lines, that are usually indicated by the 
cracking of the scale by crossing diagonal lines on the knuckle. 
lt has been found necessary in practice to limit the minimum 
radius of the knuckle, and this has been done by the Boiler Code 
Committee of the American Society of Mechanical Engineers in 
their Power Boiler Code, Section P-197, and in their Unfired Pres- 
sure Vessel Code, Section U-38. The precaution has also been taken 
n both codes of requiring a proper thickness in the head through- 
ut—Sections P-195 and U-36. 

With regard to flat heads, it is very clear that they will not stand 
ore than a very small pressure without distorting unless they are 
ery thick. The formulas for flat heads are entirely theoretical, 
ind it seems to be impossible to take into account all of the var- 
“bles that exist when a flat head is stressed, so that the formulas, 
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which are due to Grashof, and which may be found in any good 
engineer’s handbook, give thicknesses which are greater than are 
found necessary in practice, but, of course, are safe. It is much 
better, however, and usually much cheaper, to brace the heads as 
spoken of before either by tie-rods or by diagonal braces, which is 
the common practice in boiler flue sheets. Formulas for such brac- 
ing are given in detail in both the Power Boiler Code and Unfired 
Pressure Vessel Code. 

In the case of flat heads, it would be well to consider the strength 
of the weld between the shell and the head. 


KL 


ne of 











Fig. 1 


Figure I shows a common construction of such a head. Evidently 
up to the yield point, the resistance of the head to blowing out is 
due to the shearing strength of the weld where it bears against the 
shell, or the shearing resistance of the length “L.” The shearing 
resistance of a steel weld is approximately 40,000 lb. per sq. in., 
and as the pressure on the head is equal to its area multiplied by 
the pressure per sq. in., we have— 

=D? 


P= x Pp 





4 
The resistance of the weld or its shearing strength, which we will 
call “S,” is 
S =x x Lx 40,000 
These two being equal, we have— 
pD 
L = ————_ 
160,000 
If we take the same tank as we used for the previous illustration 
and use a factor of safety of 5, we have— 
L = .28 in. 
Undoubtedly, in practice the weld would be made larger than this 
for welding reasons. 
_ Therefore, as long as there is no bending stress on the weld, 
that is, as long as the stress is pure shear, it is quite safe to make 
a head of the construction shown. 











Design of Welded Joints in 
Ship Construction* 
J. W. OWENS 


Thermal Considerations and Stresses 


Practically every form of welding can be advantageously used 
in the repair and construction of ships, provided each form is util- 
ized for the class of work to which it is best adapted. 

In general the size and complexity of a ship’s structure, and 
the necessity for doing most of the welding on the ship subsequent 
to assembly requires the use of those forms in which the thermal 
energy can be extremely localized, and joints which permit the 
relief of the thermal stresses, even though the structure be fully 
assembled. Metal arc welding has for these reasons, and because 
of its extreme flexibility, been found particularly suitable for the 
construction of the hull and machinery foundations, while lap and 
tee joints are easy to assemble and have the lowest residual stresses 
of the various forms of joint when welded subsequent to complete 
assembly. 

Lloyd’s Register of Shipping, recognizing these basic considera- 
tions, permits the use of metal arc welding in hull construction and 
specifies the use of lap and tee joints. The butt joint is also per- 
mitted, but it is required to be strapped. 

As automatic arc welding machines make it possible to weld the 
butt joint at a high rate of speed, and thereby reduce thermal 
stresses to a minimum, it might be possible in the future to use this 
joint, unstrapped, provided the carbon content of the plate be 
kept low, preferably below 0.15 per cent, and the joint properly re- 
inforced with weld metal. Another basic consideration might be 
the deposition of weld metal of a higher tensile strength than that 
of the base metal, or weld metal, which has high ductility as can 
be secured with the hydrogen arc. 

Thermit welding is, in the opinion of the author, preferable to 
smith welding for the construction of new stern frames, and the 
frames of large rudders, but its use on new construction has to 
date not been approved by the Classification Societies ; on the other 
hand, both Lloyd’s Register of Shipping and the American Bureau 
of Shipping permit its use in the repair of broken stern frames. 
| am also of the opinion that its use can be advantageously extended 
by these Societies to members subjected to torsional stress. 

As gas welding is in general industrial use for the construction 
of tank, pipe fittings, the welding of pipe lengths together without 
the use of flanges, and in the manufacture of metal furniture, its 
application to this class of work in shipyards is considered good 
practice. It should-be noted, however, that metal arc welding can 


*To be presented at annual meeting, A. W. S., April, 1926. 
*Director of welding, Newport News Shipbuilding and Dry Dock Company 
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also be used for the majority of this work, and as there are no basic 
limitations to the use of either form for this work, selection may be 
left to the individual shipyard. The butt joint is preferred for 
gas welding and can be used on this class of work for both gas and 
metal arc welding, as the thermal stresses are relieved by the con- 
tour of individual jobs and warping prevented by the use of jigs. 
Gas welding is used almost exclusively for the welding of all the 
non-ferrous metals and cast iron when readily preheated. In the 
Navy thousands of dollars are saved annually in the repair of 
broken manganese bronze propeller blades and the rebuilding up of 
cast iron pistons with a bronze filler rod. 


TABLE “B” 
Maximum Spacing of Assembly Holes 





















































PLATE Maximum Spacing of Assembly Holes (Inches) 
Weight (Lbs. per ft.) Thickness (Inches) Flat Surfaces Curved Surfaces 
oe 0.34 36 30 ; 
13.7-19.6 0. 36-0 .48 30 24 
19.7-47 .0 0.3-1.16 24 18 
TABLE “C” 
Safe Load Per Linear Inch of Continuous Fillet Weld 
Safe load in pounds per linear 
Thickness of Base Meta! Depth of Throat inch of a full continuous fillet 
(Inches) (Inches) weld. Throat x 9000 Ibs. 
yy 0.177 1,503 
% * . 266 2,394 
ig 355 3,195 
i 529 4761 
1 702 6,318 
1% 882 7,938 
1% 1.062 9,558 
1% 1.237 11,133 
2 1.415 12,735 














Electric resistance welding, although used extensively in the 
manufacture of metal furniture for Naval ships and for tanks of 
the lighter gages of metal, has the inherent limitation of restricted 
portability. It is probable, therefore, that this limitation will be a 


serious handicap to its extensive use in the construction of the hull 
of ships. 


Design and Assembly 


Ship structures intended to be jointed together by welding in- 
stead of riveting should be specially designed with that end in 
view, in order to save the maximum weight without sacrificing 
strength, to. permit.as much welding as possible to be performed 
in the shop, and.to reduce overhead welding to a minimum. , 

The width of lap joints, when metal arc welded, may be reduced 
‘o the thickness of the plate; however, assembly is, in general, 
xreatly facilitated by the use of bolts through the faying surfaces, 
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Assembly holes should preferably be punched from the faying side, 
as the burred plate edge prevents a close alignment of plate sur- 
faces. For size of assembly holes, distance from edge of plate or 
strap, and width of lap, see Table A. 

The number of assembly holes should be the minimum required 
for assembly and consideration given the punching of additional 
holes with the gas torch, carbon or metal arcs when needed. Bolts 
may be temporarily tack welded adjacent to the joint in lieu of 


TABLE “D” 


Linear Inches of Continuous Fillet Weld Required to Develop Full Strength 
of One Rivet in Single and Double Shear 


Tensile strength of base metal per sq. im......-..-. ccc eee eevee esse ccucees 60,000 Ib 

Tensile strength of weld metal per sq. in. ......6..5.06. 50. Sb eek e eee ee eens 36,000 Ib. 

Shearing value of rivets per sq. in.—single shear......-.......-0s0ecuuee 50,000 Ib. 

Shearing value of rivets per sq. in.—double shear (1.8 * 50,000) = ...... $6,000 Ib. 

TOGO WED CR ORS DOG Mais 6 bd 4 onc oc cc tcc kc te wh dow cccend 120,000 Ib 
Note: 


1. All values given are ultimate and any factor of safety used would not affect the 
comparison, F 

2. Linear inches of weld metal required to enw full shearing strength of one rivet 
is based on the value which determines the strength of the connection. 

3. For linear inches of light continnous welding ‘required to develop a relative 
— multiply columns 4 and 6 by 2. 

4. One linear inch of base metal requires 2.357 linear inches of a full continuous 
fillet weld or 1.666 linear inches of a reinforced continuous fillet weld to develop ful! 
strength of the base metal. : 








Linear inches of contirfuous Fillet weld required to 























. Ultimate develop full strength of one rivet 
Thickness ON gRe SLss > ESS Se & aa eit 
of Base Size of Full Continu- , 
Metal Rivets ous Fillet Single Shear Double Shear 
(Inches) (Inches) Weld per aa 3 
Linear Inch 
hall Reinforce i Full Reinforce | 
’ Weld Weld Weld 
1 2 3 4 5 6 7 
vi % 6,364 2.91 2.06 *2.94 *2.08 
ay % 9,546 2.19 1.55 *3.53 "2.50 
ly % 12,728 2.70 1.91 "4.11 *2.91 
Sy Ve 15,910 2.17- 1.54 3.90 1.77 
yy 1 19 ,092 2.33 1.65 4.20 1.97 
% 1 22,274 1.93 1.37 3.60 2.55 
1 1% 25,456 2.17 1 54 3.91 1.77 























*Bearing value determines strength. 


punched holes, and the joint surfaces pulled together by clips. Suit- 
able magnetic clamping devices may also be developed with the 
extension of the science. On completion of welding, assembly holes 
can be closed by the insertion of a rivet burr in the hole and the 
welding of one or both sides, or the driving of a rivet. For max- 
imum spacing of assembly holes, see Table B. 

In the design of joints, it is recommended that all calculations for 
tensile strength and shear be based on the throat section of th 
weld, 36,000 lb. per sq. in. being taken on the tltimate tensilc 
strength and shearing value of the weld metal, and 82,000 Ib.. per 

-sq- in. as the elastic limit in compression. See Tables*C and D 

The full fillet weld should be considered the standard metal ar: 

weld and employed wherever possible. The light weld may be. tse 














T ec 


hov 

















1926] WELDED JOINTS IN SHIP CONSTRUCTION 53 


in securing tightness in welded joints, or in lieu of mechanical 
calking in riveted joints, but it should not be considered in the de- 
termination of the strength of the joint. The reinforced fillet 
should be employed wherever it is possible to use only one fillet to 
secure Maximum strength or tightness. 
As strength welds can be made either continuous or intermittent, 
the strength of the joint desired will be primarily dependent on the 
continuity and weight of the weld. In general, welds, unless other- 
wise specified, should be made continuous. 

Tack welds, useful in assembly, should not be considered as con- 
tributing to the strength of the joint. 


TABLE “E” 


Current Values and Sizes of Bare Electrodes Recommended for Various Thick- 
nesses of Base Metal 





Thickness of Base Metal Size Electrode 


















































(Inches) (Inches) Amperes 
part Tig Pee. % | eos 
TE Seeger a = a 
Tar ee ee "425-160 
; Tae) 3 ome 160-180 
eR ee he fy elikers gheie aegis 
bi “agile cesapiot % re engi - we 
“4 ye HE a % > Reka 
a MG 5 aes - ~ 200-260 r. * 
ble PE SES [no as 
4 | 200-260 
ee acing I” ee | «480-225 
" - Shed: * ? aa ~~ 200-260 — 
1 eee 3% . : 180-225 
84 —— - —— —— 
4% | 200-260 
* | eran 2m 580-225 
‘Bamte ago 300-20 
Technie 


All metal arc welds should in general be made in one layer; 
however, the use of multiple layers is frequently necessary due 
to the thickness of the metal weld, the weight of the weld, and 
tightness required. If gas or oil tightness is necessary, a continuous 
fillet weld should be made on each edge of the lap of both sides of 
the tee joint, however, when only one fillet weld is possible, and oil 
or gas tightness is required, it should be made in at least two 
layers. 

Due to the variety of gas torches on the market, it is impossible 
to specify the size of the tip and gas pressures to be used for the 
various thickness of metal. Reliance will therefore have to be 
placed on the recommendations of the manufacturer of the torch 
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used. The current values and sizes of electrodes given in Table FE 
are recommended for. use with bare low carbon steel electrodes and 
direct current. 


Materials 


. Ship plate has in general a carbon content of 0.25 per cent and 
is found satisfactory for welding. However, a reduction in the 
carbon content to.0.15 per cent would be preferable. Welding in 
ship construction is generally satisfactory for joining medium, 
soft or flange, and common steels, wrought iron, and castings and 
forgings of ferrous metals. In Naval vessels, welding for strength 
purposes should not be used on armor plate, special treatment, nor 
high tensile steel, due to the embrittling effect of the fusion heat on 
this material. In so far as the welding of the non-ferrous metals 
and cast iron is concerned, standard industrial practice can be 
adhered to. 


Tests 


On all piping systems, tanks and watertight bulkheads, it is 
desirable to adhere to existing tests for riveted joints, with or 
without the addition of the hammer blow test. 

As the testing of each joint of the ship’s structure is imprac- 
ticable, reliance will have to be placed on properly designed joints, 
competent supervision, certification of all welders and the use of 
carefully selected filler material. In this connection it might be of 
interest to mention that our company is now taking steps to certify 
all of the welders and to issue standard practice sheets covering 
design and technic. 
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The Standard of Quality in Gas Welding and Cutting Equipment = 


The Torchweld Trademark, 
representing an original and 
distinctive development in the 
Oxy-Acetylene field, insures 


SAFETY—ECONOMY—DEPENDABILITY 


to all users of Bisa ey vane 7 Praag mg — Cutting Equipment. 
No. 23. 


TORCHWELD ‘EQUIPMENT COMPANY 
224 No. Carpenter St. Chicago, Ill. 
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“LOWER OXYGEN PRESSURE” 
Welding and Cutting Equipment 


WRITE FOR CATALOG NO. 37 
THE BASTIAN-BLESSING COMPANY 
252 E. Ontario St., Chicago, Ill. 


SWEDOX 


WELDING RODS, WIRES and ELECTRODES 


A Grade for Every Purpose 
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NONOX SWEDOX TENSKOTE BRONZOX 
LEKTROX SWEDOX DUCTKOTE BRONZKOTE 
CASTOX DUCTILOX TOBIN BRONZE 
ARC CARBOX NICKOX MANGANESE BRONZE 
GAS CARB Ox ‘ RAILOX MONEL METAL 
STEELKOTE KROMOX TENSILOX 
LEKKOTE MANGANOX KROMKOTE 
ALUMINOX NICKOTE 
MANKOTE DRAWN ALUMINUM VANKOTE 
RAILKOTE BRAZOX FL 


SEND FOR TESTING SAMPLE 


We want every welder in the country—big or small—to be convinced of 
the specialized superiorities of SWED DOX products. We know that a trial 
will convince you. Hence the free offer. Try SWEDOX on your next 
welding job at our expense. 
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WelLL=— 
Iron and Mild Steel Rods 


Are offered Copper Coated for Gas Welding 
and Bare or Flux Coated for Electric Welding. 





THE WELDITE LINE 


WELDITE No. 6—A very pure iron conforming to the 
American Welding Society specifica- 
tions G-! A and E-!I A: 

WELDITE No. 10—A slightly higher carbon iron repre- 
senting the very best in a general 
utility rod. Especially recommended 
for production work on tanks, boilers 
and sheet steel fabrication of all 
kinds. 


WELDITE No. 18—A mild steel conforming to the 
American Welding Society specifica- 
tions G-1 B and E-! B. 
WELDITE No. 85—A high carbon steel very useful in 
railroad and oil field work. 
WELDITE No. 110—An extremely high carbon steel con- 
forming to the American Welding 
specification E-! C. 


A catalog describing each rod in detail will be mailed upon request 
BACK of every WELDITE Rod are five years of painstaking 
' experimental work conducted in our own Research Labo- 
ratory. The results are evident in the welding characteristics 


and uniformity of each rod in the WELDITE Line. They 
make better welds. 


TO WELDING ROD AND SUPPLY SALESMEN 
Much desirable terri 
capet sulteases GREE mine aie. Caleeguaiines tte 
vited from men who want to estab a business of their own. 


CHICAGO STEEL & WIRE CO. 


103rd Street & Torrence Avenue, Chicago, III. 
Manafacturers 
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‘Tll Tell You Why 
| Like Wilson Wire— 
It's Always Uniform’ 


Simplicity—Close 


Welders like Wilson Wire because they 
know they can depend on its uni- 
formity—they know it's always the 
same—that every rod is like every 
other rod of the same grade (analy- 
sis). And they know they can se- 
cure just the right grade for every 
type of welding > wowed grade 
designated by a color. There is no 
saving in wring inferior wire just 
because it’s cheap. Use Wilson. 
Write tod. for samples of Wilson 
“Color-tipt” Welding Wire, indica- 
ting the metal you desire to weld. 


A. W..S 


The above is a Wil 
son Type S Single- 
Operator Motor- 
Driven Electric Weld- 
ing Machine, welding 
range 75-250 amperes. 

Other models include 
gasoline-engine-driven 
and two-operator units 


Control—Ruggedness 


Unexcelled simplicity, close regula- 
tion, strength and ruggedness of 
every part — better engineering 
throughout—these are what make 
the Wilson Type S a better welding 
machine. Its features include a 
self-exciting generator; a commu- 
tator that always shows less tem- 
perature rise than any other part of 
the machine; an arc that is easy to 
strike and easy to maintain; a 
simple, compact control panel; a 
current adjustment by a simple 
turning of a field rheostat knob; a 
special resistance unit which can be 
supplied for reducing the welding 
current to as low as 25 amperes for 
light work and thin gauge metals. 
These and other features—-many of 
which are found in no other ma- 
chine—make the Wilson Type S the 
decided choice for practically every 
kind of welding. 


The Wilson company devotes itself exclusively to the de- 


velopment and production of welding equipment and omens. 
Its unusual experience in all classes of electric w 


ding 


is available for the solution of your welding problems. 


WELDER & METALS CO 


INC.. WILSON BLDG., HOBOKEN, NEW JERSE’ 


WILSON 


WELDING MACHINES AND WELDING WIRE 
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UNION CARBIDE 


World’s Best Quality - Highest Gas Yield 


Always Uniform - 


Packed 

in 
Blue and Gray 
Drums 


Always Dependable 


We have 
Warehouses 
in 
175 Cities 


The product of the originators and developers 
of the carbide and acetylene industry 


UALITY assured by more 

than a quarter of a century 
of experience in selecting raw 
materials and in perfecting lab- 
oratory practice and works 
processes. 


The faithfully sustained qual- 
ity compels recognition of the 
economies which go with it. 

Union Carbide will keep for 
years in the original package 
without deterioration. 

Our remarkable nation-wide 
service and distributing system 


makes. Union Carbide quickly 
available everywhere. 

There is a Union Carbide 
warehouse near you. Shipment 
is made same day your order is 
received. 

We supply Union Carbide in 
Generator sizes— direct to con- 
sumer—at factory prices. - 

Our Blue and Gray Drum is 
recognized throughout the world, 
as a symbol denoting Best Grade 
Carbide, Highest Gas Value, 
Uniform Dependable Quality 
and Purest Gas. 


UNION CARBIDE SALES COMPANY 


Principal Offices: Carbide and Carbon Bldg., New York, N.Y. 
Peoples Gas Building, Chicago, Ill. Balfour Building, San Francisco, Calif. 
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MONEL CASTINGS can be welded 

lly. Even the formation of 
troublesome blow-holes in the face 
of the weld and of small cracks in 
the weld and the base metal can be 
completely eliminated by cereful pre- 
heating and anneeling. This subject 
is completely covered in « Linde 
Procedure Control, 


LINDE 


OXYGEN 


You wouldn’t buy a Podunk car! 


gues. as a factory man, you know the 
importance of established reputation and of 
prompt and efficient service. That’s why you 
buy oxygen from Linde. 


Made by the largest manufacturers of com- 
pressed gases in the world, Linde oxygen has 
been the standard of industry since oxy-acety- 
lene welding began. 

Even more Significant from the point of view 
of leadership is Linde service. It is gaged to 
meet the needs of the smallest or most inex- 
perienced customer and at the same time it is 
equipped to anticipate the most exacting prob- 
ems of engineering and research. 


THE LINDE AIR PRODUCTS COMPANY 
General Offices: Carbide and Carbon Building 
30 East 42d Street, New York 


37 PLANTS— 95 WAREHOUSES 
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21 YEARS 
of Experience 


— 

FACTORY MANAGERS can afford 
to experiment with some things, but 
not with the gases they use in oxy- 
acetylene welding and cutting. For this 
they must buy the best. And the best 
in dissolved acetylene is found in the 
result of Prest-O-Lite’s 21 years of 
experience. 


THE PREST-O-LITE COMPANY, Inc. 
Oxy-Acetylene Division 
General Offices: Carbide and Carbon Bidg., 30 East 42d St., New York 
In Canada: Prest-O-Lite Co. 6f Canada, Limited, Toronto 


31 Plants—85 Warehouses — 22 District Sales Offices 


| 


4 


\ 


’ 
: 


Prest-O Lite 


DISSOLVED ACETYLENE 
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the 
~ junk man. 















+ THESE FACTS are true, ’ 

. SS ee } yoy won't need to if you buy Oxweld 

: Oxweld low pressure apparatus. 

e Many 

¢ thousands of installations When you trade-in your automobile you 

. Semel arcs 09 prepare for the worst and you get even less. 

; ae The same thing holds good for the trade-in 

t value of a lot of industrial equipment. 

% Oxweld blowpipes, on the other hand, have 
a high trade-in value. Add to this the fact 
that Oxweld apparatus has a long industrial 


life and stands up under severe daily service, 
and you have a combination that spells 
economy. 

These are just two more reasons for 
Oxweld’s leadership. 










OXWELD ACETYLENE COMPANY 
Chicago Long Island City, N.Y. San Francisco 


5642 Jasper Place Thompson Ave. & Orton St. 1030 Misscom Street 


Oem 2/61 


WELDING AND CUTTING APPARATUS 
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G-E Arc Welders—In Oil Fields and Refineries 


This G-E Portable, Buda Engine-Driven Arc Welder is used on 
countiess repair and construction jobs in oil fields and refineries. 


In oil fields: Haul it with a tractor to wherever the job may be 
and set it to work on repairs or on the construction of pipe lines 
and storage tanks. 


In refineries: Move it quickly from place to place, now construct- 
ing, now repairing, now salvaging all types of tanks, piping, and 
other equipment. 


In both fields of work the job is done faster, the job is done better, 
the job is done with impressive savings. Welded construction of 
pipe lines will often save 25% of the cost of coupled construction, 
while the welding of storage tomlin prevents leaks which cause an 
annual loss of 5% of the stored product. 


G-E M -dri ’ ‘ 

Welders = bly yrs Learn more about this G-E Welder, its applications in oil fields 
oe and refineries, and the savings effected by its use. Write to your 
for bulletins. nearest G-E sales office for publication GEA-9. 


26-18D 


GENERAL ELECTRIC 


ENERAL ELEC PRINCIPAL CITIES 
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HE cast iron gear case“A,” broken 

in three parts, offers a problem 
known to experienced welders. Ordi- 
nary welding methods would require 
a high fusion heat for such a job, and 
the resulting shrinkage of the casting 
would tend to pull the bearing holes 
out of alignment and make the cast- 
ing worthless. 


The repair, as actually made with 
Tobin Bronze by the oxy-acetylene 
process, is shown in “B.” It was ac- 
complished easily and quickly at a 
low red heat, without extensive pre- 
heating. Shrinkage was avoided, the 


parts were held in perfect alignment, - 


and the weld was stronger than the 
original cast iron. 


[Ann 
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for Difficult 
Cast Iron 
Welding Jobs 


The cracked casing of the steam pump 
shown in “C” could hardly have been 
repaired so economically by any othe: 
means than Tobin Bronze Welding. 
The repair was made at a low red 
heat and the pump was restored to 
service promptly, in as good condition 
as ever, at a substantial saving in time 
and expense. 


The speed and accuracy made possi- 
ble by the elimination of extensiv: 
pre-heating make Tobin Bronze 
Welding the logical method for man) 
production operations as well as fc: 
repairs. 

Tobin Bronze Welding Rods are mad: 
solely by The American Brass Com 
pany and “TOBIN BRONZE” i: 
stamped in the metal. 


THE AMERICAN BRASS COMPANY 
GENERAL OFFICES: WATERBURY, CONNECTICUT 
Offices and Agencies in Principal Cities 
Canadian Mill: Anaconda American Brass Ltd., New Toronto, Ont. 


TOBIN BRONZE | 


RKiEG. US. PAT. OFF. 


‘WELDING RODS 
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PAG ALY CO 


PROCESSED 
Welding Wire and Electrodes 
aASSUTe 
Perfect Welding on 
Structural Steel 


Wherever structural steel must be welded quickly and economically—Page- 
Armco Welding Wire and Electrodes will prove their superiority. The 
exclusive Page method of processing all wires and electrodes to meet the 
type of welding for which they will be uged assures agamst, spoiled work 
—saves the welder’s time and shows a reduction in costs. 





| 

Whatever your welding problems, you caft permanently and economically 
solve them by adopting as standard Page Mild Steel Gas Welding Wire 
H and Electrodes or Page-Armco Wire and Electrodes and Page High Carbon 
Wire and Electrodes. 





Let us prove this to you. 
obligation. 


PAGE STEEL AND WIRE COMPANY 


In Associate Company of the American Chain Co., Inc, 
BRIDGEPORT, CONNECTICUT 


‘Y District. Offices CHICAGO New York PirTsBuURGH San Francisco , 
——=— 


Write for data and samples for tests. No 
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ooh 

if ea) is 

s& of (a new list in each issue ) 
wht of “The machine ili no attention— 


no hot bearings—no heating up of the 


& wP machine—no brush or commutator 
y Q) trouble. It runs fine and we are so sat- 


1 isfied with our purchase that you may 
v look for another order soon.” 
* * * 


“We find your tnachines highly satis- 
factory in performance and upkeep. 
In addition, the average worker can 
operate them and turn out an excellent 
grade of work.” 


Any Lincoln office below will put - €.? 
se ae ee kes Cas “We have had experience with several 
types of welders. Get ts Wbe- makes of electric welders and consider 
point besed-ow experience. yours the best we have seen in oper- 
ation.” 
” © * 


“Our welders always prefer the Lin- 
coln machine.” 


e 





rutin Lhe Lincoln Electric Co. season 


Bosten Milwaukee 

‘alo 

Charlotte, N. C. General Offices and Factory: poe oy 2 ag 
Chicago Cleveland, Ohio Philadelphie 
Detroit —_ 

Des Moines The Lincoln Electric Co. of Canada, Ltd., Toronto-Montreal Rochester 


Grand Rapids European Representatives: Allen-Liversidge, Ltd., London St. Louis 


Eaclusive Agencies with Stock: 
Distributing agencies in all principal cities. Ft. Worth, Texas Los Angeles 
New Orleans San Franeils~ 
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Uniform 





throughout the same shipment and throughout all 
shipments. 





Conforms to specifications of The American Welding Society 


John A. Roebling’s Sons Company, Trenton, N. J. 














Bound Volumes Journal 


1925 
Now Ready | 
$5.00 to Members $10.00 to Non-Members 











YES! °0R UNIFORM AND 
> 


| RELIABLE WELDING RESULTS 
| SPECIFY HOLLUP WELDING WIRE 
WANAMAKER coatep anp REX sare Evectropes 


REX GAS WELDING RODS — REX ACCESSORIES 
Write for literature and free samples. 
Manufactured by 


C. H. HOLLUP CORPORATION 


3333 W. 48th PLACE — CHICAGO 
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For heavy welding operations 
in all fields 
Railroad Industrial Marine 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
Pittsburgh Chicago Boston S. San Francisco Toronto 
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Why Expéciinént? 


Torches INCE the infancy of the industry, 
Regulators expert engineers and skilled work- 
Genssateus men have maintained the predomi- 
’ nance of Milburn Equipment. 

Compressors Its acceptance as standard equip- 
Manifolds ment by large industrials, railroads 
Preheaters - and Government Departments the 
Paiet Opeays — over exemplifies. Milburn leader- 
Carbide Lights tye ALEXANDER MILBURN CO. 

Catalog 54? Baltimore, Md 
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The nature of the work to be welded, the capacity of the 
welding machine, the use of the Carbon Arc or Metal Arc, 
the properties of the weld metal are vital factors in the speed 
and efficiency of your welding. 


UNA WELDING AND BONDING COMPANY 


CLEVELAND, OHIO 
Welding Processes ALD. Welders 
Welding Rods Welding Supplies 


























| Your Assurance of High Cutting Efficiency 
Stamped on Every Airco Oxygen Cylinder 


What does this QE) 
stamp mean (OXYGEN 
To You? 2%? Pure 


“A saving of 10% in time and material 
may safely be accepted as correct for any 
increase of 0.5% in the quality of oxygen 
of which the minimum purity is 98.5%.” _ 
+-From an Editorial in Industrial Gases. 














AIRCO OXYGEN IS 99.5% PURE IN 


AIRCO 


OXYGEN ACETYLENE CARBIDE | 
NITROGEN CALORENE NEON 











Airco-Davis-Bournonville Oxyacetylene Apparatus 
AIR REDUCTION SALES CO. 


342 MADISON AVENUE, NEW YORK CITY, HN. Y. 
51 AIRCO PLANTS 17 DISTRICT OFFICES 











